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TITLE? SALTS 07 PEPTIDES ITTTH CARBOXY-TZRHIMATED POLYESTERS 

■ ■ • - 

This invenrion relates to novel salts composed of a cation derived 
from a peptide containing at least one basic group and an anion derived 
from a carboxy- terminated polyester, processes for the manufacture of 
such salts, and the use of such salts in the manufacture of extended 
release pharmaceutical compositions. The salts of the invention possess 
a variety of properties vhich are usefijX^in the formulation of extended 
release pharmaceutical compositions, whether the saltis are in pure fora 
or are in admixture with either an excess of the peptide in its free, 
unbound form or an excess of the free polyester. Such salts are 
amphipathic, being comprised in part of a peptide, which is hydrophilic 
and lipophobic, and in part a polyester, which is hydrophobic and 
lipophilic. 

The word "peptide" is used herein in a generic sense to include 
poly (amino acids) which are normally generally referred to as "peptides", 
"polypeptides" or "proteins"; and a "basic peptide" is a peptide which is 
basic in nature, arising from the presence of an excess of basic amino 
acids, for example arginine or lysine, or arising from the M-^ terminus of 
the peptide, or simply a peptide which contains at least one basic group, 
optionally in the presence of one or more acidic amino acid groups. The 
term also includes synthetic analogues of peptides, unnatural amino acids 
having basic functionality, or any other form of introduced basicity. 
The word "polyester" is used hereinafter to mean a carboxy-terminated 
polyester. 

European Patent No. 58,481 alludes to the possibility of specific 
. chemical interactions beween the terminal carboxylic acid group of a 
polyester and a basic group or groups within a peptide, Lawrer et al., 
Proc. Int. Symp. Control Rel. Bioact. Mater., 14, 19. (1987) and Okada et 
al., Pharmaceutical Research, 8, 58A-587 (1991), also refer to this, 
possibility, but thesi publications are speculative in this regard, in 
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that they do not particularly describe any such specific peptide- 
polyester salt, do not give any indication of how such salts can be 
prepared, and are silent vith regard to any beneficial effects which 
could arise from the use of such salts In the manufacture of .\. 
pharniaceutical compositions. 

According to the present invention, however, there is provided a 
composition containing or comprising, as initially made, a salt formed 
from a cation derived from a peptide containing at least one basic group 
and an anion derived from a carboxy-terminated polyester; the composition 
bSg in the form of a solution or dispersion of the salt in a solvent 
which is a solvent for the free polyester but not a solvent for the free 
peptide, the particle size of the salt in said dispersion being less than 
5vim and preferably less than 0.2vim; or in the form of micropartides or 
an implant for injection or sub-dermal implantation. 

The cation component of the salt may be derived from a basic 
peptide which is pharmacologically active, or from a basic peptide which 
is pharmacologically inactive. Wien the basic peptide is 
pharmacologically active, the salt of the invention itself may be 
formulated into an extended release pharmaceutical formulation. When the 
basic peptide is pharmacologically inactive, the salt of the invention 
may be used as an exclpient in the formulation of extended release 
compositions of other, pharmacologically active, peptides which either 
are acidic in nature, (comprising an excess of acidic amino acids such as 
aspartic acid and glutamic acid), or are neutral in nature. 

In extended release formulations of peptides, a further 
requirement, of course, is that the peptide should be substantially 
stable in the formulation over the period of release envisaged. By 
•substantially stable" it is meant that the drug is not rendered totally 
insoluble or denatured, with total loss of pharmacological activity, 
during the period of use envisaged for the formulation. 

suitable pharmacologically active peptides have a molecular weight 
of at least 300Da. a\d preferably at least SOODa. Examples of such 
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peprldes which nay be substantially stable in the extend d release 
formulations over the intended period of release, and which may therefore 
be used m the compositions of this invention, are oxytocin, vasopressin, 
adrenocorticotrophic hormone (ACTH). epideraU growth factor (BCD, 
prolactin, luteinislng hormone, follicle stimulating hormone, luliberin 
or luteinizing hormone releasing hormone (UHRH), insulin, somatostatin, 
glucagon, interferon, gastrin, tetragastrin, pentagastrin, urogastrone. 
secretin, calcitonin, enkephalins, endorphins, kyotorphin, taftsin, 
thymopoietin, thymosin, thymostimulin, thymic humoral factor, serum 
thymic factor, tumour necrosis factor, colony stimulating factors. 
Botllin. bombesin, dlnorphio, neurotensin, cerulein, bradyklnln, ^ 
urokinase, kallikrein. substance P analogues and antagonists, 
angiotensin II, nerve growth factor, blood coagulation factor VII and IX, 
lysozye chlarlde, renin, bradyklnln. tyroddln, gra-lcldlnes, growth 
hormones, melanocyte stimulating hormone, thyroid hormone releasing 
hormone, thyroid stimulating hormone, parathyroid hormone, pancreozymin, 
cholecystoklnin. human placental lactogen, human chorionic gonadotrophln. 
protein synthesis stimulating peptide, gastric Inhibitory peptide, . 
vasoactive intestinal peptide, platelet derived growth factor, growth 
hormone releasing factor, bone morphogenic protein, and synthetic 
analogues and modifications and pharmacologlcally-actlve fragments 
thereof. 

Preferred peptide components of the compositions of the invention 
are synthetic analogues of LHM. and particular such analogues include, 
but are not limited to. buserella (lD.Ser(Bu^)^ des-Gly-HHj^°l-LHEH(l- 
9)NHEt). deslorelin (ID-Trp*. des-Gly.HH2^°l.U«H(l-9)NHEt). ^ertirelin 
(ldes.Cly-NH,^°l-LHRH(l-9)HHEt). goserelln ([O.Ser(Bu^ . Azgly 1-LHRH). 
histrelin ( (D-His(Bzl)«. des.Gly-HH2"l-UIBH(.l-9)HHEt). leuprorelin 

((D.Uu^ des-Gly-NH2"l-"«a(l-5)»'^^>' ( 1°"*'? ' ' 

des-61y-MH2"j-lin«H(l-9)MHEt), nafarelln ( (D-Hal^l-LHEH) . tryptorelln 

(lD-Trp*)-tHBH), and pharmacologically active salts thereof. 

Suitable pharmacologically inactive basic peptides, which may be 
used in the salts of th? invention, are polyarginlne. polylysine and 
poly(arginlne.co.lysine). (co-)polymers of neutrU amino acids. In D-. L- 
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or OL-form, with arginine and/or lysine in Dr, L- or racemic form, or 
peptides or (co-) polypeptides in which the peptide chains are terminated 
in whole or in part by a basic group at the N-terainus and the backbone 
: is comprised of neutral amino acid residues. 

The carboxy- terminated polyester used as the source of the anion 
in the salt of the invention nay be a homo-polyester or a co-polyester. 
Preferred such polyesters are those which degrade or erode in an aqueous 
physiological environment, such as that found in intramuscular or 
subcutaneous tissue » to low molecular weight water-soluble fragments. In 
this environment, the dominant process of degraSiixion is simple bulk 
hydrolysis, involving hydrolytic scission of ester groups, which leads to 
lower molecular weight homo- or co-polyester fragments, and ultimately to 
the disappearance of the formulation from the site of administration. 
However, it is recognised that at these injection or implantation sites, 
as well as at other sites in living tissue, other degradation mechanisms 
may be involved such as those mediated by enzymes. 

Suitable homo- and co-polyesters are those derived from hydroxy- 
acids or from the polycondcnsation of diols and/or polyols, for example 
(but not limited to) polyethylene glycols, polypropylene glycols, 2-lOC 
alkylene glycols, glycerol, trimethylolpropane, and polyoxyethylated 
forms of polyfunctional alcohols such as glycerol, trimethylolpropane and 
sugars, with dicarboxylic acids and/or polycarboxylic acids, for example 
(but not limited to) (1-iOC alkane) dicarboxylic acids, particularly 
malonic, succinic and glutaric acids, phthalic acids, mellitic and 
pyromellitic acids, optionally in the presence of hydroxy acid(s) and/or 
mono-ols. 

The preferred methods of preparing homo- and co-polyesters based 
upon hydroxy acids are by ring opening polymerisation of the cyclic acid 
• dimers or by direct polycondensation or co-polycondensation t)f the 
hydroxy acids or mixtures of the hydroxy acids, or lactones derived from 
such hydroxy acids. These polymerisations, both of the ring opening type 
or the polycondensation type, are preferably carried out so that the 
resulting homo- or ca-polyescers contain, in whole or in part, polymer 
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chains having carboxylic acid functionality. Thus the ring opening 
polycondensation of the acid diners is carried out in the presence of an 
appropriate polyner chain transfer agent or co-initiator which controls 
both the Bolecular weight and the structure of the resulting homo- or 
co-polyester. Suitable such transfer agents are water, hydroxycarboxylic 
acids, Bonocarboxylic acids, dicarboxylic acids and polycarboxylic acids. 

For polyesters prepared by polycondensation or co-poly- 
cbndensation. the polynerisation is carried out under conditions such 
that an excess of carboxylic acid functionality is used, that is, the 
ratio of t-OOOHJ to l-OHl is'S^l to or greater than 1. The structure 
aiid Bolecuiar weight of the polycondehsace are determined by the nature 
of the alcohols used (whether monp^ols, diols or polyols, or a mixture), 
the nature of the acids used (whether mono-, d}i- or poly-carboxylic 
acids, or a mixture), and the amount of the excess of carboxylic acid 
used. Acids involved in the Krebs cycle are particularly useful. 

Examples of suitable hydroxy aiclds or lactones, which may be used 
to manufacture homo- or co-polyesters usefiii in this invention, include 
§-propionolactone, p-butyro lactone, y-butyrolactone and pivalolactone, 
and a-hydroxybutyric acid, a-hydroxyisobutyric acid, a-hydroxyvaleric 
acid, a-hydroxyisovaleric acid, a-hydroxycaproic acid, a-hydroxyiso- 
caproic acid, a-hydroxy-p-raethylvaleric acid, a-hydroxyheptanoic acid, 
a-hydroxydccanoic acid, a-hydroxymyristic acid and a-hydroxystearic acid. 
Preferred such homo- and co-polyesters are those derived from lactic acid 
in its D-, L or DL- form, and glycolic acid, or the corresponding diners 
lactide and glycolide, and a preferred optional chain stopper is lactic 
add. 

Although a macroroolecular, basic peptide drug can exist wholly or 
in part as a polymer-cation, and a polyester can exist wholly or in part 
as a polyner-anion, salt formation arising from acid-base interaction 
between such polymeric species, using conventional processes of mixing,, 
or using organic solvents, is extremely difficult or even inpossible. 
For example, melt nixing the two components is unsuitable, since it Is 
well taiown that peptides do not noraally melt,.. but rather decompose at. 
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the elevated temperature s commonly used to melt polymers. However, even 
"TTthe"^ peptide vere to melt (vhich it does not), it would be incompatible 
with, or insoluble in, a homo- or co-polyester for thermodynamic reasons, 
as follows* 

Peptides are macromolecules, and so possess many of the typical 
properties of conventional polymers. They are therefore (in the absence 
of specific chemical or physical interactions) totally incompatible with, 
or insoluble in, other macromolecules which have different chemical and 
polymer backbone structure, as the free energy of mixing of the two 
dissinilar/p^ymer types is highly positive and so is not theroo- 
dynamically favoured. In the bulk state, peptides are highly polar and 
strongly hydrogen bonded molecules, with the result that the enthalpy of 
mixing of peptides with homo- or co-polyesters (which are relatively 
non-polar, and in yhicb hydrogen bonding is either absent or weak) is 
highly positive; that is, endothennic and thcrmodynanically not favoured. 
Further, macromolecules are by definition large, and so have a low 
intrinsic entropy, resulting in the entropy of mixing of two different 
macromolecular species being very low or even negative. (See, for 
example, P J Florey, "Principles of Polymer Chemistry", Cornell 
University, 1953 at 555; L Bohn, "Polymer Handbook", 2nd Edition, J Vlley 
1975, III-211; and L Bohn, Rubber Chemistry and Technology, 1966, 493). 
Consequently, the mixing of a peptide with a polyester at elevated 
temperature in the molten state will not give rise to the mixing on the 
molecular scale necessary for salt formation to occur. Simple admixture 
of a peptide and a polyester, therefore, does not give rise to salt 
formation. 

Similar difficulties exist with attempts to form salts of peptides 
and polyesters using organic solvents., unless the peptide has some 
' solubility' or swellability in the solvent. The solubili^ properties of 
• polyesters and peptides are totally different. Solvents which dissolve 
the peptide, such as water, are complete non-solvents for the polyester; 
and, in general, good solvents for the polyester, such as dichloro- 
methane, are c mplete non-solvents for the peptide. Th se solvents which 
can dissolve both the peptide and the polyester, such as dimethyl- 
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sulf oxide, dimethylf onaamide , dimcrhylacetanide and N-inethylpyrrolldone, 
have different problems because they are relatively non- volatile, have 
high boiUng points, and so are extremely difficult to remove, and ^Iso 
because of the unacceptable toxiciQr of some of these solvents. It has 
been possible to identify certain solvents for both components vhich are 
acre volatile and which are toxicologically acceptable, but such solvents 
present other difficulties. For example, acetic acid is a solvent for 
both peptides and polyesters, but the use of a large amount of acid 
solvent predisposes the peptide to exist as the acetate salt (because of 
. mass action effects), so that the removal of the acetic acid at room 
temperature (say 20-25*C), or by freeze drying, results in phase 
separation of the peptide and the polyester, so that the desired salt 
iEomation tends not to occur. 

It is an object of the present invention, therefore, to provide, a 
process for the manufacture of a salt, comprising a cation of a basic 
peptide and an anion of a carboxy- terminated polyester. 

The preparation of the peptide-polyester salts of this invention 
can be carried out using, homo- or co-polyesters containing carboxylic 
acid groups, and peptides wherein the basic residues occur as the free 
base or as salts of a weak acid, preferably a volatile acid, having an 
acid dissociation constant of less than 10'^ or a pK^ (pK^ - '^"^lO^^a' 
where K is the acid dissociation constant) of greater than 3. A 
particularly preferred such basic peptide salt is a salt vith acetic 
acid. However, because of the inherent incompatibility of the two 
aacromolecular species, particular conditions have to be used in vhich 
these peptide-polyester salts can. be generated. 

One means of achieving this is to use a solvent which dissolves 
both the peptide and the polyester, to form a solution, frora vhich the 
solvent can be removed directly, leaving either firstly the amphipathic 
salt, or secondly a mixture of polyester and peptide in a physical state 
vhich is predisposed to form the amphipathic salt vhen processed further; 

An example of the first approach is to use solvents such as, but 
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not liBited to, di»ethylsul£oxide, diaethylifoTBianide, dinethylacetamlde 
and H-methylpyrrolidone, vhich are essentially neutral and vhich can be 
solvents for both the peptide and the polyester. Under normal 
circumstances, as indicated above, these solvents are extremel/ difficult 
to remove, due to their high boiling points and relative non-volatility. 
When a peptide (for example as an acetate salt) and a polyester are 
dissolved in one of these solvents, the peptide tends to. exist as the 
salt with the polyester, as the more strongly acidic lactic or glycolic 
acid group in the polyester displaces the weaker carboxylic acid. The 
bulk of the solvent and liberated acetic acid (or other weak but volatile 
carboxylic acid) may be removed in vacuo , and the residual^slSlucion 
containing peptide-polyester saltis added to distilled water, w 
precipitate the insoluble polymeric salt. 

The distilled water is preferably carbon dioxide-free, to avoid 
the formation of carbonate salts by displacement of the polyester anion. 
Residual solvent in the peptide-polyester salt may then be removed by 
further washing with water, also preferably carbon dioxide-free. In some 
circumstances, the polymeric salt may be isolated by direct precipitation 
into water, without any need to remove any solvent, and this approach is 
particularly useful when the peptide is used as the base. 

Thus, according to a further feature of this invention, there is 
provided a process" for the manufacture of a salt, comprising a basic 
peptide and a carboxy-teralnated polyester, which comprises dissolving 
the basic peptide, in free base form or in the form of a salt with a weak 
acid, for example acetic acid, and the carboxy-terminated polyester in a 
neutral, polar solvent in which both are soluble, removing the solvent or 
most of the solvent, and adding the remaining concentrated solution to an 
excess of a non-solvent for the peptide-polyester salt. 

The second approach, also based on using a solvent which dissolves 
both the peptide and the polyester, relies on said solvent being capable 
of rempva by freezing and conventional freeze drying, or by spray 
drying. An essentia ptfrt of this process is the removal of the solvent 
from the peptide-polyester mixture at an extremely rapid, almost 
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instantaneous, rate, and preferably at a temperature which is belov the 
glass transition temperature of the polyester and the peptide. In this 
case, the solvent may be neutral or acidic, and a preferred solvent is 
• acetic -acid. 

Such extremely rapid removal of solvent from a solution vfaich 
exhibits some degree of viscous flow or visco-elastic behaviour results 
in phase separation of the tvo incompatible macromolecular types 
occurring on an extremely small colloidal scale. That is, the resulting 
peptide-polyester mixture has an extremely high surface area and surface 
energy. As a consequgncB, vhen another different solvent for the 
polyester, which is normally a non-solvent for the peptide, is added to 
essentially solvent- free peptide-polyester mixtures of this ^e, the 
high surface energy is dissipated by salt foxmatibnt and the 
disappearance of the colloidal nature of the peptide in the polyester. 
Suitable solvents for this second approach have to be freeze dryable and . 
include, but are not limited to, acetic acid, dioxan/water mixtures and 
tert-butanol/water raiixtures, or have to be spray dryable. 

Thus, according to a further feature of this invention, there is 
provided a process for the manufacture of a salt comprising, a basic 
peptide and a carboxy- terminated polyester, which comprises dissolving 
the basic peptide, in free base form or in the form of a salt with a weak 
acid, for example acetic acid, and the carboxy-terminated polyester in a 
solvent in which both are soluble, and which is capable of being removed 
by freeze-drying, freezing the resulting solution at high speed, freeze- 
drying the resulting frozen mixture, dispersing the resulting mixture in 
a solvent for the polyester component, and allowing the mixture to 
dissolve as the peptide-polyester salt is' formed. 

More particularly, in this process the solution of the peptide and 
' the poly lactic acid, or a co-polymer of lactic and glycolic acids, in 
acetic acid is added to liquid nitrogen in a dropwise fashion. This 
results in a more or less instantaneous freezing of the acetic acid 
solution, and a more or less instantaneous generation of an essentially 
solvent-free peptide-oolyester mixture- Freeze-drying to remove the 
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acetic acid solvent glyes a peptide-polyestet product mixed on an 
extrenely fine colloidU scale. For many peptides, the colloidal nature 
of such a material is demonstrated when a solvent for the polyester is 
added, for example dichloromethane, when an extremely fine colloidal 
suspension is generated, and providing there is an excess of carboxylic 
acid functionality in the mixture, a clear solution can be obtained 
eventually on standing, the excess surf ace energy being lost as 
peptide-polyester salt is formed. Other procedures to more or less 
instantly freeze the peptide/polyester/acetlc acid mixture may be used In 
place of dropvise addition to liquid nitrogen, for example dropping the 
^'MxtaxB into a mixture of solid carbon dioxide and hexane. 

Hypothetically, of course, a totally insoluble compound can be 
made to be soluble if it can be reduced to a sufficiently small average 
particle sire. If it is assumed that the particle is a sphere of radius 
r, having density o, and that it has a surface energy y. such a particle 
will have a surface energy Anr^Y associated with it. It vill also have a 
mass of ^/g.nr^o and so the surface energy per unit mass is 
Consider how two eases of saturated solutions :- 

(i) when excess solid is extremely coarse and therefore has Very 
little surface energy and the saturated solution has a 
concentration C.. Then the Gibbs free energy is: 

5 

'J'solutlon - °0 * ^'^^s • e'solid' 

(li) when the excess solid is extremely small particles of radius r, 

the Gibbs free energy of the solution vhich is in equilibrium with 
extrenely small particles is; 

^ solution 0 
but in this, case the solid has a Gibbs free energy of 

. ^ solid * 'or' 
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But from (I) above, 

and therefore 

Cq + RTlnC - - + RTln C^. 

or C » c^»e 

so that, as r decreases. C (hypothetically) increases. 

In the usual case, higher than nomal solubility due to s-ail 
particle size is metastable, and the particles grov in si«. for example 
by dissolution and recxystallisation, so that the effect of high surface 
energy is negated. Hovever, vith small particle size peptide-polyester 
mixtures, salt fomation can occur, and this offers an alternative »eans 
of reducing the surface energy of the colloidal particles by allowing the 
formation of a soluble a»phipathic salt, which as a solution offers the 
lovesr free energy condition. 

According to a further feature of the invention, there is provided 
a. process for the manufacture of a salt comprising a basic peptide and a 
carboxy-terminated polyester, which comprises reacting a basic peptide in 
the form of a salt with a strong acid, such as a chlorid* or sulfate, 
with a polyester wherein some or all of the polyester is in the form of a 
carboxylic acid salt with a suitable alkali metal or alkaline earth 
* metal, for example a sodium, potassium, calcium or magnesium carhoxylace 
salt. For low molecular weight polyesters, (having a weight average 
molecular weight of less than about .10,000), the salts with alkalis can 
be dissolved, or very finely dispersed, in water. Additi n of such a 
solution or dispersi^^n to an aqueous solution (preferably free of carbon 
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dioxide) of the peptide, results in precipitation of the water-insoluble 
a&phipathic peptide-polyester salt. 

In a similar vay. the chloride or sulfate salts of 'pegylated' 
basic peptides (polyoxyethylene conjugates of peptides) are, or can be, 
partially compatible vith, or soluble in, solvents such as dichloro- 
methane, and the sodium or potassium salts of carboxy-terminated 
polyesters can also be soluble in dichloromethane. Thus, when tvo such 
salts are mixed in the appropriate proportions, the soluble peptide-poly- 
ester salt is generated by double decomposition, vith precipitation of 
the alkali metal chloride or sulfate- 

The thermodynamic incompatibility of different macronolecules, 
referred to above, has been knovn for many years, but it has rarely 
entered into any consideration in the prior art of the extended release 
of peptide drugs from polyester matrixes. A necessary consequence of 
^ this thermodynamic incompatibili^, or insolubility, is that in normal 
circumstances polyesters are totally impermeable to peptide drugs. For 
partition-dependent Fickian diffusion of a peptide drug through a 
polyester to occur, the peptide must have some solubility in the 
polyester. However, for the reasons discussed above, this is not the 
case, and so transport of the peptide through the polyester by 
partition-dependent Fickian diffusion is impossible. 

Furthermore, even if , for the sake of argument, the peptide drug, 
or one of its synthetic analogues* had some solubili^ in or 
compatibility with the polyester, transport by diffusion thrcugh the 
polyester phase would still be impossible. It has long been recognised 
that the free volume in the polyester, which arises from Tocational and 
translational polyester segment mobility, and which should allow the 
passage of diffusing molecules, is insufficiently large to accommodate 
the diffusion of macromolecules having molecular weights, greater than 
about 500Da or so. (See, for example, R W Baker and H K Lonsdale, 
"Controlled Release: Mechanisms and Rates" in -Controlled Release of 
Biologically Active .Agents, ed. A C Tanquary and R E Ucqr. Plenum Press 
1974. 15 et seq.) | 
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Hovefrer, even though transport of a peptide drug through a poly- 
ester by Flckian diffusion Is essentially impossible for peptides of more 
than about SOODa or so, continuous release of polypeptides has * 
nevertheless been achieved. European Patent Ho. 58,481 discloses how 
continuous release of a peptide drug from a polyester was obtaiiied by 
using the very different properties of the two nacromolecules, peptides 
being hydrophilic and water-soluble, and pblyesters being hydrophobic and 
water-insoluble. In the formulations described In that patent, peptide 
drug release was achieved primarily through aqueous pores, which are 
generated inirrially by simple leaching of peptide from domains at the 
" surface of the fomulation, or from domains of peptide drug which are 
continuous or contiguous with the surface of the formulation. This 
leaching provides for an initial phase of release, and subsequent bulk 
hydrolytic degradation of the polyester results in the generation of 
further porosity within the polyester, and so further peptide release, 
governed by degradation and erosion, can occur. If the porosity arising 
from hydrolytic polyester degradation does not occur quickly enough, the 
initial release from the leaching phase is complete before sufficient 
degradation- induced porosity is generated in the delivery system, and 
discontinuous release of the peptide is obtained. The parameters of the 
formulations disclosed in EP 58,481 were therefore chosen so that 
hydrolytic degradation of the polyester occurred at the right time in 
relation to the initial leaching release phase, so as. to ensure that the 
two phase: of release overlapped, resulting in continuous release of the 
peptide drug. 

However, whereas Fickian diffusional transport of a peptide 
through the polyester phase is impossible in the case of. those simple 
peptide-polyester mixtures, a totally different situation arises in the 
case of formulations of the peptide-polyester salts of the present 
• invention, optionally in the presence of free polymer. In formulations 
containing these materials, there is no separate phase consisting of 
polyester alone; rather, the continuous phase which controls release of 
the peptide is wholly or in part the peptide-polyester salt. Tree 
peptide has some solubility in this phase of peptide-polyester salt, and 
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SO in fbnaulations using such marerials, true rickian, parririon- 
dependent diffusion of a peptide is possible, if the other requireaents . 
such as effective free 7olume, a« present. 

Because the peptide-polyester salt contains a highly hydrophillc 
. segment, the peptide-polyester salt fomilation has a much higher water 
uptake than the polyester alone. Furtiiemore, in th'ese formulations the. 
water uptake is enhanced even more, due to the ionic nature of the 
peptide-polyester interaction, and the solvation of ions or ion pairs in 
the macronolecular salt by water. This implies an essentially hydrogel 
^-i nature for the peptide-polyester salt, and provides an increase in the 
degrees of mobility of macromolecular segments in the polycation-poly- 
anion complex. That is, the effective free volume of the matrix material 
is increased, and so can accoBnodate a macromolecular peptide. 

The net effect of these properties of the peptide-polyester salt, 
(optionally in the presence of free polymer), is to allow Fickian 
dif fusional transport of a nacromolecular peptide through the matrix of 
peptide-polyester salt or the mixed salt and free polymer phase. This 1$ 
a totally different situation from that which occurs with polyester 
alone, or with simple admixtures of peptides and polyesters, and so 
extended release matrixes or membranes based on ^e increased 
permeability arising from the use of the peptide-pclyester salt are 
central to the formulations for the controUed release of peptides 
described hereafter in this application. 

The peptide-polyester salts of the present invention thus provide 
new and unexpected advantages in the design of parenteral drug delivery 
. systems, based on solutions or dispersions using various mixtures of free 
peptide drugs, free polyester and peptide-polyester salt, in both aqueous 
' and non-aqueous pharmaceutically acceptable injection vehicles, and based 
• on sub-dermal implants which can be injected, intramuscularly or 
sub-cutaneously, or implanted, by virtue of the novel and unexpected 
solubility of these peptide-containing moieties in lipophilic solvents. 
Furthermore, formulations based n these peptide-polyester salts, in 
particular those usikg highly lipophilic polyesters, can also be 
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administered by other routes. Of partficular inportance is the oral 
route » in vhich the various combinations of peptide-polyester salt and/or 
free peptide drug and/or free polyester can be used to good effect. In 
nany instances « for oral administration it is preferred to use^a • ' 
pbarmaceutically acceptable . carrier such as a vegetable oil or a variant 
thereof, and including mono-, di- and tri-glycerides either alone or in 
admircure vith other oils. Of less importance are the topical, rectal 
and intranasal routes of administration. 

Other than European Patent No. 58»481 (1982) » referred to above, 
Lavter et al. (loc. cit.) and Okada et al. f loe , cit.) are the only state 
of the art knovn to the applicants herein vhich refers to the^possibility 
of obtaining peptide-polyester salts » but both these publications are 
speculati ve, in that they do not disclose hov this putative interaction, 
can be rea lised or utilized. It is a further o bject of the present 
invention to pr ovide extended release pharmaceutical formulations. 
comprising various conbinati ons of peptide-polyester salt and/or free 
peptide drug and/or free polyes ter in various proportions to give at 
least three different profiles of controlled drug release. 

Ihtts» according to a further feature of the invention there is 
provided an extended release pharmaceutical composition comprising a 
peptide-polyester salt, as defined above, and/or free peptide drug and/or 
free polyester, and optionally other pharmaceutical excipient or 
excipients. 

The design of the pharmaceutical compositions of this invention is 
based upon the folloving considerations. Whereas a simple peptide drug 
is normally soluble in vater, both its salt vith a polyester, and the 
free polyester itself, are normally totally vater-insoluble, (although it 
» is recognised that, for very lov oligomeric forms of polyesters and 

• co-polyesters, whilst they may themselves be water- insoluble, they may be 
water-soluble when in the form of a peptide-polyester isalt) . However, 
incubation of a mixture of a peptide drug and a polyester, wherein all or 
part of the peptide is present as the peptide-polyester salt,, in aqueous 
physiological fluids, results in some degradation of the polyester. If 
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tbese degraded products are vater-insoluble, then the degrading 
peptide-polyester salt vill continue to be insoluble, (to tihe other hand, 
if the polyester is of sufficicoUy low molecular weight initially, pr 
contains a polymeric component of equally or similarly low molecttUr 
weight, such that water-soluble polyester-derived acidic fragments are 
produced, then these fragments (as anions) are co-transportabliei with the 
polypeptide cation. It has been shown for the new peptide-polyester salt 
conpositions of this invention that immediacy of release is strongly 
dependent on the molecular weight and molecular weight distribution of 
the polyester component. 



Molecular weight distribution is defined as 



«w 



»n. 



2 

where M (weight average molecular weight) - Iw^.K^ - to^.H^ 



Iw^ £n^.K^ 



and (number average molecular weight) - In^.H^ 



£n^ 



and where w^ is the weight fraction of polymer molecules having a 
molecular weight M^, and n^ is the number of polymer molecules having 
molecular weight Hj^. 

Molecular weight distribution is often referred to as poly- 
dispersity, and" the various values for narrow, normal or most probable, 
and wide distribution are well known (see, for example, "Polymer 
Handbook-, 2nd Edition, J Viley 1975, 17-3.) It is generally accepted 
that a polydispersity of less than 1.8 is a narrow distribution or law. 
polydispersity, approximately 1.8 to 2.2 is a normal or most probable, 
distribution or notpal polydispersity. and more than approximately 2.2. d 
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a vide or broad distribution or high polydispersity. 

For the administration of peptide drugs by the parenteral route » 
such as intramuscular or sub*cutaneous injection or sub-dersal 
inplantation of a depot or delivery system, polyesters -having a number 
average molecular veight of more than 20000a, or an inherent viscosity at 
IXv/v at 25 *C in chloroform of more than or equal to 0.08 dl/g, and up to 
and including 4. Odl/g, are preferred. For administration by other 
routes, such as orally, the preferred range of number average molecular 
veight is 500 to SOOODa. 

It is obvious from'^'tSfe abovie considerations, which have largely 
been ignored in the state of the art, that the degradation of the 
polyesters, particularly in the presence of basic peptide, to give even a 
small fraction of vater-soluble derived fragments, and the time interval 
for this to occur, vill be controlled by molecular veight and molecular 
veight distribution. Essentially immediate degradation to vater-soluble 
fragments occurs using both narrov and normal distribution polyesters, 
having veight average molecular veights of less than about 10,OO0Da and 
less than about 15,0OODa respectively (depending on the type of molecular 
veight distribution), but in general the lover the polydispersity of the 
polyester the lover the veight average molecular veight required for 
immediate degradation to vater-soluble fragments.- For polyesters of 
■ veight average molecular veight of greater than lS,OOODa, norxcal or vide 
distributions are required. Again this depends in part on the nature and 
type of the molecular veight distribution, but in general the higher the 
vci^t average molecular veight, the higher the polydispersity needed in 
order to achieve early degradation to vater-soluble fragments. 

For polyester or co-polyester and peptide compositions yhere some 
or all the peptide is in the form of a peptide-polyester salt, optionally 
* containing freiu-polyester. three different release profiles can be 
obtained, ^e first o^ these is vhen degradation of the polyester occurs 
to give essenttal^^'^Bnediate generation of acidic vater-soluble or 
hydrophilic fragments, vhich resiilts in immediate release of peptide 
according to the folloving mechanism:- 
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degrades 



-> drug 

release 



poljinec/drug 
salt vhlch is 
totally insol- 
-ubie in water 



where ? is a 
degraded vater- 
soluble or bydro- 
pbilic fragment 
but Pn_i"D* is 
water-insoluble. 



where P'D* is a 
water-soluble drug 
species and P^_j is 
a water- insoluble 
degraded polymer 



(P - a water-soluble degraded polyester fragmenti or a hydrophilic water- 
insoluble degraded polyester fragment which is made water-soluble 
when present in the form of a salt with the basic peptide. 
D - basic peptide.) 

In this first case, the composition either may contain all the 
drug as peptide-polyescer salt, or it may contain some free, unbound drug 
in addition to some peptide-polyester salt, in both cases also optionally 
in the presence of free polymer. However, the polymer degrades to water- 
soluble fragments, in the presence of peptide, almost immediately, with 
the consequence that alaost immediate sustained continuous release of the 
peptide commences. It is to be noted that the diffusion of the free 
water-soluble peptide through die degrading composition is facilitated by 
the increased permeability of the matrix due to the presence of the 
peptide-polyester salt in the continuous phase that modulates release. 

Th^econd of these cases is when all the peptide drug is present 
as the peptide-polyester salt (optionally in the presence of free . 
polyester"), but the polyester does not degrade immediately to 
water-soluble fragments. This results in an initial interval in which 
there is no release of peptide drug. Even though the peptide-polyiester 
salt confers on the matrix increased permeability to free diffusing 
peptide, there is no free peptide drug available to diffuse. All the 
peptide is in the form of a water-insoluble peptide-polyester^salt^ and 
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I t is on ly after some cons iderable tine that the polye ster degrades to 
water-soluble fragments and gives rise to free and transportable drug, 
niis results in an extended induction period, during vhich there is 
initially no peptide release, following which induction period, release 
conanences. This second case is ideal for tined and pulsed release of 
soluble vaccines and peptides. 

Th^^thir^case is vhen a fomolation, based on a peptide-polyesrez 
drug systen~rfiich contains a peptide drug both in its, free form and in 
the fom of a polvmer-dnig s aIt*, optionally also in the presence of free 
polyester, and in which the polyester has a weight average nolecular 
weight of greater than about 15,000Pa, (and preferably greater than about.. 
30,600Da) , and having a narrow, or aost probable, molecular weight 
distribution, is placed in a physiological environnent, sudi as is found 
at intramuscular and sub-cutaneous Injection sites, discontinuous release 
can result. A first phase of release arises because of the presence of 
free peptide drug, and its ability to be transported through the more 
perneab le peptide-polyester salt syste a. If this first phase of release 
""of free peptide drug is complete before degradation of the polyester in 
the peptide-polyester salt occurs to give further free peptide drug, then 
discontinuous peptide drug release will ensue. 

Obviously, if there is no interval in.yhlch free peptide drug is 
absent from the composition, during its degradation, then continuous 
■ release will be obtiined. This release profile is siailar to that 

disclosed in European Patent No. 58,481, but the mechanism of release in 
European Patent No. 58,481 and the materials used (no peptide-polyester 
salt) are quite different from the mechanisms and materials defined in. 
this application. Depending on release profile these mixtures are ideal 
for continuous release of peptides, proteins and soluble vaccines. 

Ks Stated above, these peptide-polyester drug salt systems, their 
. physicochemical characteristics and the mechanisms by vhich release of 
the peptide occurs, are quite different from those disclosed in European 
?ate.nts Nos. 58,481 and 52,510, and all other publications relating to 
peptide release from homo- and co-polymers of lactic and glycolic acids. 
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whlch are kootm to the inventor hereof. Of these only European Patent 
Ho. 58,481, Uwter et al (loc. cit.) and Okada et al (loc. cit.) make any 
reference to salt f oraation arising from the ionic interaction of 
polyester carboxylic acids groups and basic amino acids in peptides, but 
the composition made as described therein contain no peptide drag/- 
polye.ster salt. These prior disclosures, hovever, are speculative in 
this regard, and do not establish conclusively that such interactions do 
indeed occur, nor do they demonstrate hov such peptide-polyester salts 
can be prepared and isolated, and then used to effect the release of 
peptides, with a variety of different profiles of release^ by virtue of 
their unexpected solubility in lipophilic organic solvents. 

Amongst the properties of peptide-polyester mixtures that vill 
determine release, and vhich have not been mentioned hitherto, are the 
number of basic functional groups in the peptide and the number of 
carboxylic acid groups in the polyester. The abovermentioned 
publications are also silent vith regard to the remarkable and unexpected 
effects arising from the use of the peptide-polyester salts, and the 
surprisingly high permeability of systems containing, in whole or in 
part, the peptide-polyester salt, compared vith the permeability of the 
polyester alone, or mixtures in vhich the tvo components are simply 
mixed, and vhich therefore contain no peptide-polyester salt. 

This difference in permeability can be demonstrated in simple 
diffusion cell experiments, vherein a continuous and fault-free polyester 
membrane, separating tvo aqueous compartments, one containing an aqueous 
peptide solution and the other containing the aqueous phase alone, vill 
not allov peptide transport across it, prior to significant degradation 
of the membrane polyester. In contrast, membranes containing, vholly or 
in part, the peptide-polyester salt allovs drug transport across the 
salt-containing membrane by partition dependent diffusion, even if the 
• peptide has a molecular vcight of greater than SOODa. 

The peptide-polyester salts of the invention have many other 
surprising and useful advantageous properties; unknovn in any similar 
prior art materials^ vhich are particularly useful in the desigft and 
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manufacture of pharaaceucical delivery systems. Jhie of the mogr useful 
of these properties Is the good solubility of the peptid e, vhen in the 
forn of a polyester sal t, in organic solvents in vhicb pep tides are 
"nonnally t otally insoluble. This offers a great many advantages in 
pharmaceutical manufacture, in that it allovs nev processes and* 
procedures to be used for the manufacture of drug delivery systems, and 
particularly facilitates aseptic manufacture. These processes and 
procedures, and the materials used, are totally different from the 
procedures and materials disclosed in the prior art. 

Thust solutions of a peptide-polyester salt, optionally containing 
free polymer, and/or free peptide^irva solubilised or dispersed form, can 
be sterile-filtered, thus easing the problems normally associated vith 
the sterile manufacture of solid or suspension peptide formulations. A 
sterile- filtered solution of a peptide-polyester salt can therefore be 
subjected to a variety of pharmaceutical drying procedures in an aseptic 
environment. Spray-drying, spray-congealing and other drying procedures 
vhich generate solid particles are preferred processes which readily lend 
themselves to aseptic operation. 

Particularly useful is the .generation of micropartides having 
particle sizes in the range from 0.2pm to SOOum, vhich can be suspended 
in a phannaceutically acceptable injection vehicle. . Such micropartides 
can be suspended in an aqueous injection vehicle prior to use, or 
alternatively in an organic injection vehicle vhich is a non-solvent for 
the' materials used. Tor delivery systems based on homo- and co-polymers 
of lactic and glycolic acids, suitable such organic vehicles are highly 
lipophilic oils, such as (but not limited to) ethyl oleate, isopropyl 
myristate, vegetable oils and various fatty glycerines. In certain 
circumstances, it is preferred to use mixtures of such lipophilic 
vehicles. 

' Although such lipophilic vehicles are non-solvents for delivery 
forias based on lactic and glycolic acids, they are unsuitable for use 
vith highly lipophilic polyesters such as those based on long chain 
hydroxy acids, for exanple hydroxystearic acids. For such highly 
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Upophilic polyesters or co-polyesters, hydrophilie organic inJectioB 
vehicles are preferred, such as (hut not limited to) propylene glycol and 
low Bolecular veight polyethylene glycol. Obviously, aqueous injection 
vehicles are also suitable for delivery systeas based on the note 
lipophilic polymers. 

An alternative means of naking micropartides utilises another 
unexpected and advantageous property of the peptide-polyester salts of 
this invention. The peptide-polyester salt is coiiq)rised of a hydrophilie 
peptide, vhich vould prefer theraiodynamically to exist or dissolve in an 
aqueous or polar environment or phase, and a polyester chain vhich is 
hydrophobic, and-^ould prefer themodynanilcally to dissolve in a 
hydrophobic pha:se.' That is, the peptide-polyester salt is amphipathic, 
and has surface-active properties ^ich are not present in simple peptide 
salts. This surface activity results in the peptide-polyester salt 
preferring to exist at a phase interface, and because of the general 
nature of the salt (proportion and length of the hydrophobic chain) ^ 
most thenaodynanically stable type of dispersion in a largely aqueous 
phase is for the peptide-polyester salt to exist as a dispersion in water 
(as the critical micellar concentration is very low, and not all the salt 
can exist at the interface in many situations. ) 

It can be seen, therefore, that the peptide-polyester salt is an 
extremely effective dispersant for making, as well as for maintaining, 
the stability of aqueous dispersions. In this second procedure for 
making nicroparticulate pharmaceutical formulations, the peptide- 
polyester solution (say, for exaa^le. in dichloromethane) is simply 
dispersed in an aqueous phase, which may optionally contain a 
viscosity-enhancing polymer such as (but not limited to) polyvinyl 
alcohol, using the surface-active properties of the peptide-polyester 
salt. Although some organic solutions containing such peptide-polyester 
' salts may spontaneously dispersie, as a general rule some agitation or 
shear is required in preparing the aqueous dispersion. 

A further preferred aspect of the process, as indicated above, is 
to carry out the operations such that the aqueous dispersion is carried 
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out effectively In the absence of carbon dioxide and in an inert 
atmosphere. It is further preferred that the organic solution of the 
peptide-polyester isalt be free of carbon dioxide, because the 
concentration of carbon dioxide in air and vater under normal conditions 
is sufficiently high, in comparison vith the concentrations of palyester 
carboxylic acid groups, to enter into conpeticive salt forxaatloh due to 
mass action effects, according to the equation: - 

P'.D* ♦ HCOj^ D^HCQj* + P 

where ? is polyester and D is peptide drug. The resultant aqueous 
. dispersions may then be dried by a variety of techniques, such a^removal 
of the organic solvent in vacuo followed by ..freeze drying, or by directly 
removing both the solvent and the vater in a single freeze drying 
operation. The resultant product may then be used to make suitable 
pharmaceutical preparations for injection in the manner described above ^ 

A further alternative means of making microparticulate 
pharmaceutical formulations uses an essentially dry solution of the 
peptide-polyester salt, containing colloidally dispersed free peptide, in 
a suitable organic solvent or vehicle. (The term "essentially dry" is 
used, as it is virtually impossible to remove all traces of vaxer from V 
the. peptide, and furthermore it means that none of the drug exists as an 
aqueous solution in a separate aqueous phase.) Addition of a non-solvent 
for the polymer, udder conditions of vigorous agitation, followed the 
addition of the solvent-swollen peptide-polyester salt (optionally 
containing free polymer and optionally containing free drug) to a large 
volume of a second non-solvent, to further harden and stabilise the 
precipitated micropartides, gives the final form. Obviously, under the 
appropriate conditions, or in the presence of a suitable surface active 
agents, such as* (but not limited to) the fatty acid esters of sorbitol, 
' the precipitation of the micropartides can be carried out using a single 
non-solvent for the polyester, for example a paraffin such as hexane. 

The micropartides made by the various processes described herein 
are totally different structurally from the. microcapsules prepared 
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according to the methods outlined In Eurbpesn Patent Mos. 52,510 (Sjntex) 
and 145,240 (Takeda), vherein the peptides are encapsulated in a phase of 
polyester alone. Microcapsules are defined as one or more cores of one 
compound or material vithin a continuous second phase, so that a 
continuous coating of the second phase material- .totally encloses or 
microencapsulates the tore material sudi that none , of that material 
exists at the surface of the microcapsules, and microencapsulated core 
material retains in aU respects the physicochemical and thermodynamic 
properties of the unencapsulated core compound or material. 

Thus, in European Patent No. 52,510, a phase separation 
coacervation process vas used to coat droplei^^^of an aqueous dilute 
solution of the peptide such that the polymer alone comprised a 
continuous coating around the aqueous droplets. That is, they are true 
microcapsules vhlcb have the geometry and shape of microspheres. After 
isolating the precipitated microcapsules and hardening and drying, a 
product vas obtained vherein the peptide drug exists as a discrete core 
or cores vithin a polymer envelope. Because of the presence of vater to 
the interior of the microcapsule prior to drying, its removal during the 
dehvdration process at a temperature vbich is belov the glass transition 
temperature of the polymer can result in a particle vhich is highly 
foraninous. At no stage does the process and materials, used or 
described in European Patent Ho. 52.510, tovolve a peptide-polyester 
salt, nor does the disclosed process allov of sterile filtration of a 
peptide-polyester solution or suspension, if aseptic manufacture is 
required. 

Furthermore, this prior patent specifically used the polyesters 
based on lactic and/or glycolic acids described in US Patent Ho. 
3,773,919 (Bosvell), vhich are defined therein as being benzene-soluble 
at 25 -C. In the present invention, bensene-insoluble polyesters, based 
on lactic and/or glycolic acids, but vhich are soluble in chloroform, are 
preferred for relatively short delivery periods, say less than >wo 
months. 

In European Patent Ho. 190,833 (Takeda). the peptide was entrapped 
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as a gelled aqueous solution of drug, and the aqueous gelled phase vas 
dispersed in a polymer solution. This vater(aqtteous drug geD-in-oU 
(polymer solution) dispersion vas then itself dispersed under shear in 
water, to gi^e a water- in-oil-in-vater double dispersion. After removal 
of the organic solvent under vacuua, and lyophilisation, microcap"Sules 
were obtained wherein the drug/gelling agent was encapsulated by polymer 
alone. The products of this process retain the drug as the simple salt, 
and not as the polymer salt of the peptide. . The pharmaceutical 
formulations of the present Invention therefore have structures, 
physicocheaical characteristics and thermodynamic properties, which are 
totally different from the products described in European Patents Hos. 
52,510, 145,240 and 190, 833r^herein the microcapsules have the shape and 
geometry of microspheres in which a core, or cores, of drug is totally 
enclosed by polymer alone. 

The products of this present application can also have the 
geometry and shape of (but are not limited to) microspheres, but either 
they are no* microcapsules at all as defined above but rather are 
solutions of peptide-polyester salt (optionally also containing free 
polymer) , or they are microcapsules wherein free peptide drug is 
encapsulated within a continuous phase or coating of the polyner-dmg 
salt, optionally also containing free polymer. As indicated above, the 
permeability properties of such a polymer-drug salt are totally different 
from those of free polymer aone, so the products of the present 
invention release their peptide drug load in a manner which is totally 
different from those described in prior European Patents Nos. 52,510, 
145,240 and 190,833. 

Thus, a further embodiment of the invention- is the preparation of 
either microspheres which are not microcapsules,, using a solution of the 
peptide-polyester salt, optionaUy containing free polymer, or the 
preparation of microspheres vhich are microcapsules, but which comprise 
free drug encapsulated by a phase or coating of peptide-polyester salt, 
optionally containing free polyaer. 

Such diverse particles can be made by a variety of different 

^ \ 
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processes such as precipitarion, phase separation coacerracion, spray 
drying and spray congealing. The preferred particle size ranges from 
0.2wB to SOOwB, and said parcicl as can be injected as a suspension in a 
suitable injection vehicle; 

Particularly effective and useful parenteral, pharmaceutical 
foOTUlations of peptide drugs can also be prepared in the form of 
solutions of a drug-polyester salt, optionaUy containing free polyester 
and optionally containing dispersed or solubilised free drug, in a 
pharaaceutically acceptable organic solvent which is a solvent for the 
free polyester but a non-solvent for peptides and simple salts thereof, 
iuch aS^&r example chlorides and acetates . 

Thus, according to the present invention, however, there is 
provided a pharmaceutical composition comprising a peptide drug and a 
polyester, for extended release of the peptide drug, characterised in 
that the composition is in the form of a solution, comprising: 

(a) a basic peptide drug, as hereinbefore defined, having a molecular 
veight of at least 300Da, and preferably at least 800Da, vhich is 
in the form of a salt vith the polyester, the salt comprisiag a 
cation of the basic peptide and an anion of a carboxy- terminated 
polyester, 

(b) a pharmaceutically acceptable organic solvent which is a solvent 
for the free polyester but not a solvent for the free peptide, 

(c) an excess of -the polyester, and optionally 

(d) an excess of the free peptide drug in a solubiUsed or colloidally 
dispersed form. 

Suitable basic peptides and carboxy-terminated polyesters are 
those defined above, and particularly preferred peptides are those 
synthetic 'LHSH analogues defined above. 

For polyester-peptide drug salts vherein the polyester is based on 
homo- and co-polymers of lactic and glycolic acids, suitable 
pharaaceutically acceptable organic solvents include, but are not limited 
to, benzyl bearoate, bensyl alcohol, ethyl lactate, glyceryl triacetate. 
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esters of citric acid, and low molecular veighc (<1000) polyerhylene 
glycols, alkoxypolyethylene glycols and polyethylene glycol acetates, 
etc«, and o£ these benzyl benzoate and benzyl alcohol are preferred, 
especially benzyl benzoate. 

. * ' . 

The only requirement for such an organic solvent is that it is^ 
pharmaceutically acceptable and that the polyester-peptide drug salt is 
soluble in it. Vhether or not a single such solvent is used, or a 
mixture of such solvents, the suitability of such solvents can be 
deteraxned readily by simple experimentation. Homo- and co-polymers of 
lactic and glycolic acid are amongst the most polar and lipophobic 
polyesters, and so vill not dissolve in such organic injection solvents 
as ethyl oleate, vegetable oils and other lipophilic carriers, but hoao* 
and co-polymers based on lipophilic monomers or co-monomers, or 
lipophilic hydroxy acids such as hydroxystearic acid, are soluble in such 
lipophilic injection vehicles* 

The ratio of peptide drug to polyester in the solids vhich are . 
dissolved to form the solution composition of the invention, vill 
naturally vary according to the potency of the peptide drug, the nature 
of the polyester used, and the period of peptide drug release desired. 

The preferred level of peptide drug incorporation is from O.I to 
3pxv/v. In general, the optimal, drug loading is dependent upon the 
molecular veight of- the polyester and its molecular veight distribution, 
the period of release desired,. and the potency of the peptide drug. 
Qbvioxisly, for drugs of relatively low potency, higher levels of 
incorporation may be required. 

7ater uptake by the composition is an important factor in . 
controlling the rate of hydrolytic scission of the polyester, and the 
' rate of water uptake is to some degree determined by the drug loading on 
the composition. Thus, in cases where relatively rapid drug release is 
required over a relatively short period, say three months, up to 20Z 
peptide drug loading may be appropriate. 
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The monomer composition of a co-polyester, for example the ratio 
of lactide to glycolide in lactide-co-glycolide polyesters, is also 
important in determining the rates of polyester degradation and peptide 
drug release. Duration of release is also determined in part by the 
veight average molecular veight of the polyester,: but the aaouatr of 
peptide drug vhich can be incorporated as drug-polyester salt is . 
determined by the number average molecular weight. That is. 
polydispersity (the ratio of weight average to number average molecular 
weights) is an important parameter. 

Thus, for durations of peptide drug release of from one to four 
months, compositions comprising polyesters of weight ave^-ase molecular 
we-«ght from 4000 to 20000 with polydispersities of from 1.2 to 2.2, and 
peptide drug contents of from 0.1 to 30X are preferred. In general, the 
lover the drug loading, the lover the weight average molecuUr weight «id. 
the higher the polydispersity of the polyester are required. For longer 
release periods, say from two to six months, it is preferred to use 
peptide drug loadings of from 0.1 to 201, and polyesters having weight 
average molecular weights of 8000 to 20000, and polydispersities of from 
1.5 to >2.2. For release periods of greater than six months, peptide 
drug loadings of from O.I to 101 are preferred, suing polyesters having a 
weight average molecular weight of from 20000 to .50000, and . 
polydispersities of >1.8. 

The lever of incorporation of total peptide-polyester solids in 
the composition of the invention will naturally vary, depending upon the 
potency of the peptide component, the period of time over which delivery 
of the peptide drug is desired, the solubility of the total solids in the 
solvent of choice, and the volume and viscosity of the solution 
composition vhich it is desired to administer. 

' The viscosity of the solution composition of the invention is 
determined by the molecular weight of the polyester and the peptide drug 
loading. In general, solutions containing over about AOZ solids w/v 
(peptide drug/polyester salt, free drug, free polyester) and where the 
polyester has a veight average molecular weight of >8000. are difficult 
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to administer by injection because of their viscosity. Thus spiucions of 
£40X v/v are preferred for these polyesters. For solution compositions 
comprising polyesters of veight average molecular veight from about 8000 
to about 20000, concentrations of £30 v/v are preferred, and for solution 
compositions comprising polyesters of molecular veight from about 20000 
to. about 50000, concentrations of flOS v/v are preferred. In some 
circumstances, for example if it is desired to inject the composition 
using a very narrow needle, very lov viscosity solutions may be 
preferred, and the concentration could be reduced to 22 w/v or even less, 
but there vill be a balance, of course, betveen reducing the viscosity 
and increasing the volume required to be injected. 

According to a further feature of the'inveation; there is provided 
a process for the manufacture of a composition of the invention, vhich 
■ coiqirises: 

1. dissolving an intimate mixture of the basic peptide drug and the 
polyester in the pharmaceutically acceptable solvent; or 

2. slovly adding a solution of the peptide drug in a 1-6C alkanol to a 
solution of the polyester in a solvent suitable for injection, 
vhereafter if the hydroxylic solvent is not pharmaceutically 
acceptable for injection it is removed by evaporation, or if the 
hydroxylic solvent is pharmaceutically acceptable for injection, its 
removal may not be necessary. 

The intimate mixture of the basic peptide drug and the polyester, 
used in process 1. above, is preferably obtained by dissolving the basic 
peptide and the polyester in a solvent or solvent mixture vhich is 
capable of dissolving both the basic peptide drug and the polyester, and 
which is capable of being freeze-dried. Suitable examples of such 
solvents or solvent mixtures are glacial acetic acid and mixtures of 
» dioxan and water, followed by freeze drying of the solution so obtained. 

• Alternatively, the two components may be dissolved in for example 

* dimethylsulf oxide, and the solvent subsequently removed. 

The intimate mixture may also be obtained by dissolving the 
peptide drug in a hydroxylic solvent, for example methanol, and adding 
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this solution to a solution of tbe polyester in for example % v^ J ' 
dichloromethane, followed by r^al of the solvents, for exaople 
evaporation. 

Alternatively , an aqueous solution of the peptide drug a» die ^ . 
chloride salt nay be added to an aqueous solution or dispersion of vt^| v . 
sodiup salt of the polyester, and the aixture freeze dried to givf a I' ^ 
adxture of the peptide drug/polyester salt and sodium chloride. Ihf. ^ 
latter may be removed if desried by mixing the product in an organic . . . 
solvent and filtering off the insoluble sodium chloride. 

In process 1., dissolution of the intimate mixture in the 
phannaceutically acceptable solvent may be hastened by heating and/or.^ - 
stirring of the reaction mixture. 

In process 2. above, a suitable alkanol solvent for the peptide is 
for example, methanol, ethanpl or propylene- 1, 2-diol. 

A major advantage of phatnaceutical peptide drug products in the; 
form of solutions of a polyester-peptide drug salt, optionally containing 
free drug and/or free polyester, is that preparation of an Injectable 
product in sterile form, for iraediate use yithout any need for premixihg 
prior to administration to a patient, can be manufactured using sterile 
filtration, Ibis is a much simpler manufacturing operation than the 
sterilisation of a solid or suspension product. Ah alternative process 
for the manufacture of sterile injectable solutions is to dissolve a 
sterile polyester-peptide drug salt, optionally containing free drug 
and/or free polyester, in the phannaceutically acceptable organic 
injection vehicle. 

Although these formulations are primarily those for parenteral 
• routes of administration, the polyester-drug salts of tbe invention may 
also be used in the aanufacture of oraUy administrable formulations. 

A quite different type of formulation, which can be injected or 
implanted sub-dermally, is a drug delivery system based on implants or 
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mixtures of different types of implant. These can be prepared from the 
polyester-peptide drug salts of the invention, optionally cont ainin g f ree ; 
drug and/or free polyester, using conventional polymer melt-processisg 
techniques, such as, but not limited to, extrusion, and compression and 
injection moulding, vhercin elevated temperatures (preferably Ibsj than 
100*C) are used to melt the polyester-drug salt in the preparation of the^ 
implant. Preparations of such implants can be carried out under aseptic 
conditions, or alternatively by terminal sterilisation by irradiation, 
using but not limited to y- or X-rays. These solid dosage forms can be 
reduced to microparticulate forms by comminution or milling. The 
preferred particle sizes may range from lum to SOOvm, and these 
nicropartide delivery systems (which are neither microspheres m^^^ 
microcapsules) can be suspended in a suitable . conventional 
pharmaceutically acceptable injection vehicle. 

The' melt-processing of the: peptide-polyester drug salt embodies 
and illustrates, a most significant and important difference, becveen the 
physicochemical and thermodynamic properties of the peptide-polyester 
drug salts of this invention, and the free peptides and simple salts 
; thereof. The peptide-polyester salts of this invention in many instances, 
melt and flow, in contrast to the free peptides and their simple salts, 
such as chlorides and acetaties,. which do not melt, but decompose at 
elevated temperature. 

Degradation of polyesters is in part dependent on their molecular 
weight and polydispersity. Obviously, for degradation to occur mainly by 
hydrolytic scission of ester groups, the polyester or a pharmaceutical 
formulation containing a polyester, must talce up water. For those 
systems where the. release controlling matrix or membrane ^ont^ins, in 
whole or in part, peptide-polyester drug salt, there will be a higher 
water uptake by the controlling matrix or membrane when compared to the 
• polyester alone. Consequently, continuous matrix phases or membranes 
containing polyester-drug salt degrade differently fron those continuous 
matrix phases or membranes based on polyester alone. It will also be 
understood that the rate of diffusion of water or physiological fluids 
into such a release controlling polyester matrix, or membrane will Control 
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in part the rate of degradation. Bxis diffusion of water or ^ 
physiological fluids is also governed by the dimensions and shape of 
foraulation, and so drug release from compositions containing polymeric . 
salts of polypeptides and polyesters is also dependent on these factofiV, ' 

Of particular interest as the polyester component of the ■ 
.peptide-polyester drug salts of this invention, are those based on. bono* ; 
and co-polymers of lactic and glycolic acids, vhcrein the lactic may bei : . 
in any one or more of its optically active and racemic forms. Polyesters 
of this general type have been known for many years and have been studied 
in detail in a variety of controlled release drug delivery systems (see, 
for example; "Controlled Release of Bioactive Aga^ts from LactideA ; 
Glycolide Polymers*, by D H Uvis in "Biodegradable Polymers as Drug^ ' 
Delivery Systems", ed. U ttasia S E Unger, Karcel Dekker, and references 
-therein).' 

For ex^ple, United States Patent No. 3,773|9I9 indicates in broad 
general terms that controlled release pharmaceutical formulations of 
lactide polyesters and lactide co-polyesters containing antimicrobial 
polypeptides might be prepared. However, the antimicrobial peptides 
disclosed therein are unsatisfactory for generating a polyester salt, 
since they either occur as sulfates, or have other features which inhibit 
or prevent the formation of a polyester-peptide drug salt. Indeed, when . 
the Examples shown in this patent are followed, the mixing of the peptide 
drug, irrespective of its nature, with a polymer at an elevated 
temperature as disclosed, results in catastrophic decomposition of the 
peptide drug. 

Similarly, an antimicrobial polypeptide, colistin,* is disclosed in 
European Patent Mo. 25,698 as one of many listed compounds vhich 
allegedly may be formulated with polylactide, but once again this 
' compound has structural features which prevent salt formation with the 
terminal carboxylic acid groups of the polyester. Colistin is used 
pharmaceutically only as colistin sulfate or colistin sulfomethate 
sodium, neither of which forms allows the manufacture of amphipathic 
salts trith polyesters according to the present invention. Other prior . 
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have shovB that for p lyesters of similar molecular weight and molecttlar 
weight distribution the following general relationship applies in most 
cases for polyesters which are soluble in chloroform at 25 naaely 
benzene-insoluble polyesters degrade faster than polyesters vhich are: 
swollen but not dissolved by bcBzene, and such bjenzene-swelUble-- ; 
■ polyesters degrade faster than those polyesters tihich are freely solnble^^ • 
la benzene* when degradation experiments are carried one in aqueous' ; . 
physiological fluids, or in buffer at pH 7.4 at 37»C Consequently, It; . : 
. . is particularly useful to use polyesters which are insoluble in benzene 
to provide continuous release of peptides from parenteral formulations 
over a relatively short period of time, say from one week to two months. - 

» Thus, for compositions which may contain from O.IX v/v of peptide 
ixp to 75X v/v of peptide, the following holds with respect to polyester 
coi^osltiott, and its relations to structure, viscosiqr and 

polydispersity* 

For the manufacture of peptide-polyester drug salts vhlch can be 
formulated in accordance with this invention to give continuous drug 
: release over a period of a veek to two months, the molar composition of ; 

such benzene-insoluble polyesters, which preferably have a normal to vide -4??^^^ 
polydispersity, preferably ranges from 60S glycolic acid (or glycblide)/- 
40S lactic acid (or lactide) to about 2SX ^lycoUc acid (or glycoUde)/- 
75X lactic acid (or lactide), and such polyesters preferably have an 
inherent viscosity at IX w/y in chloroform at 25-C ranging from 0.08 to 

• 4.0dl/g. 

" ^ By suitable choice of the polyester parameters, including 
molecular weight and molecular weight distribution, it is also possible 
to achieve continuous release of polypeptides over, a period of one veek 
• to two months from formulations according to this invention, using 

• polylactic acid homopolymer or co-polyesters having a molar composition 
ranging from 35X glycolic acid (or glycoUde)/65X lactic acid (or 
lactide) to lOX glycolic acid (or glycolide)/90X lactic acid (or 
lactide), v^iich are soluble in benzene, have an inherent viscosity at IX 
in chlorofora at 25» of from 0.08 to O.Sdl/g, and have a narrow to vide 
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art vhich discloses the use of polypeptides with biodegradable polyrors' 
based on bMO- and co-pplyaers of lactic and glyeolie acids are European, 
Patents Moa. 52,510, 58,4«1. 1*5,240 and 190,833, previously referred-t?^ 
above. ' , 

Although co-polyaers of lactic aad glycolic acids have been; ImiDwa"^ 
for many years, the complexity of their structure vith regard to the ^ A 
distribution of the co-monomer units and their subsequent sequence ..length^ 
(runs of the same individual co-mononcr unit in the co-polymer, vhich. are : 
other than random), and the effect of such structural variations vhenr 
used as drug release matrixes, have largely been ignored in th^ prior 
art. Thi^co-polymer structure determines, in part, both the solubility: 
or svellability of the "polymer in solvents such as benzene, as well as 
the rate of degradation- This correlation vas first noted by Butchinson 
(European Patent Ho. 58,481), but has "been extended and refined in the 
present invention. ■ 

To illustrate this point, V.S* Patent Ho. 3,773,919 discloses ^ , 
certain controlled release drug formulations using 50/50 co-polyesters of 
lactic and glycolic acids which are soluble in benzene, and indeed this > 
U.S. patent is specifically limited (in respect of lactic/glycolic 
copolymers) to those which are benzene-soluble. The utility of these . : 
benzene-soluble co-polyesters has been further reinforced by their 
specific use in European Patent Ho. 52,510. However, earlier US Patent 
Ho. 2,703,316, (which was commonly owned with U.S. Patent. Mo. 3,773,919) 
disclosed 50/50 lactide/glycolide co-polyesters which were insoluble in 
benzene. Since these two U.S; patents were commonly owned (duPont), it 
must be assumed that, in the invention claimed in the later of these 
patents, the benzene-insoluble co-polymers were inferior in some respect 
as compared to those which were benzene-soluble. This view is reinforced 
' by European Patent Ho. 52,510, which used only the benzene -soluble 
co-polymers of U.S. Patent Ho. 3,773,919. 

The prior art, with the exception of bur own European Patent Ho. 
58,481, has ignored the effect vhich the structure of co- polyesters of 
lactic and glycolic acids has on their solubility and degracabUity. Pe 
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pblydispersity. 

Continuous release of peptides o»er a relatively longer period of 
time, say 2 to 6 months, from formulations according to this inventira, 
may be achieved using polylactic acid boBopolymer or co-polyesters having ' 
a molar composition ranging from 3SX glycblic acid (or glycolide)/65Z 
lactic acid (or lactide) to OX glycolic acid (or giycoiide)/lOOX lactic 
acid (or lactide) » vhich are benzene-soluble, have ah inherent viscosity: 
at IX w/y in chloroform at 25»C of from 0.08 to 0.8dl/g, and have a ' . 
narrow to vide polydispersity. 

Continuous release of peptides over a very long period of time, 
say up to 2 years, from formulations according to this invention, may be , 
achieved using polylactic acid homopolymer or co-polyesters having a 
molar composition tanging from 25X glycolic acid (or glycoUde)/75X 
lactic acid (or lactide) to OX glyeoUc acid (or glycolide)/100X lactic 
acid (or lactide), vhich are bensene-soluble, have an inherent viscosity 
at IX v/v in chloroform at 25»C of fyom 0.2 to 4.0dl/g, and a normal to 
high polydispersity. 

Timed or pulsed release (vith an induction period prior to 
release), or discontinuous release (where there is an initial phase of 
release followed by a period of no release or ineffective release, 
followed a second phase of release), over a relatively short period of 
tine, say up to 2 months, may be acbelved with the fomulation according 
to this invention, using benzene- insoluble polymers which have a narrow 
to most-probable molecular weight distribution, and an inherent viscosi^ 
at IX w/v in chloroform at 25*C from 0.3 to 4.0dl/g. 

Yet another feature of the present invention, which is novel and 
distinguishes this invention from all other previously described 
controlled release drug delivery system based on polyesters or 
co-polyesters, and which further controls the rate of release, is the 
level of incorporation of peptide as the polyester salt (optionally in 
the presence of free drug and/or free polymer). This further controlling 
feature differs entirely from those parameters which result in increased 
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release rates in aore conventional deUvery systems based on polyeste^ ^ 
which are directed towards the delivery of highly lipophilic dnig» bawinf 
relatively low aqueous solubility, such as steroids. In those casM,;^^-; 
the level of drug incorporation increases, an increased rate of x€i^^, 
is generally seen, even though the water uptake of such systems is^J ; - ' 
reduced, due to the increased phase volume of lipophilic drug. In £act;T 
such increased rates of release of drugs such as steroids are dependent 
on the drug retaining its thermodynamic identity, and on simple Ficki«i - 
diffusion kinetics (see Baker and Lonsdale, loc. cit.) That is. 
drugs such as steroids, as drug loading increases, and providing 
lipophilic drug has some solubility in the lipophiUc Pol?^«» "• 
Fickian diffusion rates are increased. 

A totally different situation exists, however, with the products 
of rhe present invention. It is now recognised that a major component 
part of the degradation of polyesters and co-polyesters is hydrolysis p£ . 
ester groups, and the rate at which this occurs is dependent on water 
uptake (see Pitt and Zhong-wei Cu, J. Controlled Release, 283-i2?2 
(1987)-, Hutchinson and Furr, ibid., 13 , 279-294 (1990)). FepUdes are 
hydrophiUc, and their salt formation with polyesters results in a phase, 
containing polyester-drug salt which has a higher water uptake than the 
polyester alone." lhat is, the polyester chain in the salt can degrade 
faster than free polyester alone, which has a similar composition, 
molecular weight and polydispersity. As peptide release, is strongly . 
dependent on degradation, then release is governed in part by both the 
level of incorporation of the polyester-peptide drug salt in the 
composition, and the proportion of peptide in the salt. For polyesters 
or €0-polyesters of the same composition and structure, increasing one or 
both of these parameters results in increased rates of release, and by 
implication can reduce, in certain circumstances, the periods of time 
over which release can occur. Levels of peptide drug incorporation, 
' either as polyester-drug salt, or as polyestsr-drug salt in combination 
with free peptide, preferably range from O.IS y/w.to 75X w/w in the 
polyester-drug formulation. 

The peptide «irug loading in the composition of the invention and 
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Its variation vith polyester molecular veight and polydispersity l^f^^ 
follows. For continuous release of a peptide over very long periods- o£^^^^ 
tiae, say up to 2 years, lov levels of drug incorporation, ranging frbmV : 
l.OZ to 202 v/v, are preferred, using polyesters vhich have a preferrod^^^^ 
weight average nolecular veight of 20,000Da or more and polydispersltdu - 
greater than 2.2 and preferably greater than S.is.- These parasieters f cit^^^^^^^ 
very long term release also depend in part on other features vit±l^' tdii . 
drug formulation, such as composition vith respect to co-monomer conceiit« 
structurisi, solubility/insolubility in benzene, and geometry and 
dimensions of the dosage form. A polyester of veight average molecular 
veight of about 20000 has an inherent viscosity of about 0.2, depimdent 
upon such factors as its structure, composition and polydisperslty; 

For continuous release over relatively long periods of time, isay 
up to 6 months, preferred levels of peptide drug incorporation range from 
0.52 to 35X v/v, using polyesters or co-polyesters having veight averse 
molecular veights of preferably 10,O00Da or more, and polydispersitles 
greater than 1.8 and preferably greater than 2.2, depending on all other 
parameters such as composition, structure, solubility/insolubility in 
benzene, and geometry and dimensions of tiie dosage forms* 

For continuous release over relatively short periods of tine, say 
up to 2 months, jpref erred levels of peptide drug incorporation range from 
O.IX to 7Sr w/v, using polyesters having preferred veight average 
molecular veights .of 2, OOODa or more, and polydispersities greater than 
1.2, depending on all other parameters such as composition, structure, 
solubility/insolubility in benzene, and geometry and dimensions of the 
dosage forms. 

An additional parameter vhich further controls peptide drug 
release from fonaulations according to this invention, and vhich is 
absent from prior art types of delivery systems based on home* and 
co-polymers of lactic acid and glycolic acid, is the functionality of the 
peptide, vith regard to the number of basic groups such as arginine and 
lysine residues in the peptide drug molecule, and the functionality of 
the polyester or co-polyester vith respect to the average number of 
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carboxylic acid groups contained by the average polymer or co-polyoer 
chain. In general, for continuous release of the peptide drug, the 
greater the level of such polyfunctional interaction in the 
peptide-polyester polyelectrolyte complex, the greater the polydispersiqr' 
required.. In contrast, for discontinuous or pulsed release , 
polydispersities of less than 2.2 are preferred. 

One of the relatively rare occurrences of mutual cou^atlbility or 
solubility of two polymer types having different chemical structures. Is 
represented by mixtures of polyesters, based on homo- and co-polymers of 
asctic and glycoUc acids, with low molecular weight polyoxyethylenes, 
and in particular low molecular weight polyethylene glycols. This 
compatibility has been put to good effect in polyester-peptide drug salts 
and their preparation, in the present invention, in a novel and 
unexpected way. Thus, it is. known that certain pharmacologically active 
peptides can be 'pegylated' , thkt is conjugated witii. a polyethylene 
glycol or alkoxy-polyethylene glycol, in such a way that the 
pharmacological activity of the peptide is retained. The presence in tba. 
peg7lated peptide molecule of the conjugated polyoxyethylene chato thus. 
renders the pegylated peptide partially compatible with the polyester or - 
co-polyester. . 

Thus, providing that die remaining lysine or arginine residues in 
the pegylated peptide occur as salts of weak acids, this compatibiUty 
facUitates the preparation of the polyester-peptide drug salt, as well 
as adding a further element of control of release. Pharmacologically 
active conjugates of peptides with other water-soluble polymers, such as 
polysaccharides, synthetic polypeptides and polyvinyl pyrrolidone, are 
also useful, but are less preferred as none of these latter water-soluble 
polymers is soluble or compatible with the polyester or co-polyester. 

This invention preferably applies to pharmacologically active 
drugs containing basic functionality. However, it can also be applied to 
peptides which are pharmacologicaUy active and which are either neu«al 
or tend to exist largely as polyanions (polypeptides having excess 
carboxylic acid functionality). 
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Zn the first of these instances (a phazaacologically active 
neutral polypeptide containing neither acidic nor basic residues) a salt 
of a synthetic polypeptidct vbich contains basic functionality and iriiicli; 
is pharmacologically inactive » and the polyester, is used. Such a salt 
of the pharmacologically inactive synthetic polypeptide and the polyester 
or co-polyester is also assphipathic, and so can act as a dispersing' 
agent for solubilising or colloidally dispersing a phamacologica^ipt. - 
active, but neutral, peptide in an organic phase. 

In the second of these cases, (^ere the pharmacologically active 
polypeptide contains residual carboxylic acid functionality) , a sali::'^^f a 
synthetic polypeptide having at least tvo basic groups in the synthetic 
polypeptide chain, and vhich is pharmacologically inactive, .and a . 
polyester or co-polyester, is used. In this second case, in the salt of 
the syntheti.c polypeptide wd polyestisr, the concentration of baisic 
functional groups in the salt is greater than the concentration of 
carboxylic acid groups in the acidic, pharmacologically active peptide.' 
This excess basic functionality in the salt can then interact by f urtber - 
salt formation vith the carboxylic acid groups of the acidic 
pharmacologically active peptide. The resulting salts complex may then 
be solubilised or dispersed in an organic solvent or phase vhich is ' 
normally a total non-solvent for the peptide in question, but vtklch are 
solvents for the polyester or co-polyester, in the manner described above 
for other polyester-peptide salts. 

Because salts of peptides containing basic functionality vith 
polyesters and co-polyesters containing carboxylic acid ftmctionality ate 
amphipathic, their surface active properties can be used to facilitate 
the dispersion of other hydrophilic drugs, or aqueous suspensions of such 
t drugs, in an organic solvent or phase containing the polyester-peptide 
• salt. The use of such amphipathic salts of peptides vith polyesters or 
co-polyesters ais dispersing or solubilising agents forms a further . 
feature of this invention. 



The invention is illustrated, but not limited, by the f olloying 
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Ex.aaplcs. . - ' 

. The measurement of viscosities and their relationship to the : 
various averaged nolecular veights are discussed in Sorensen and 
CanpbeU, "Preparative Methods of Polymer Chemistry", 2nd edition, 1968," 
laterscience Division of John Wley, pages 43-50. in the Examples 
described belou herein, an Ubbelobde viscometer giving a flow time for 
chloroform alone of about 100 seconds was used. Chloroform w used as ^ 
the solvent as this was a solvent for both benzene-soluble and 
benzrae-insoluble polymers over the composition range disclosed. 

Molecular weights and molecular weight distributions of polyesters 
described in this application of molecular weight greater than about 
.2000Da, were determined by size exclusion chromatography, relative to 
polystyrene standards, using 3 x 30cm PL Gel, lOimi mixed B columns (ez 
Polymer Laboratories, Church Stretton, Shropshire, TOC) connected la 
series and fitted with a lOym guard column. Tetrahydrofuran was used as 
solvent at AO-C with a nominal flow rate of 1ml per minute. Molecular 
weight characteristics were calculated using Data Analysis Package 
Perldn-Elmer 7700 Professional Computer with GPC software. 

Por measurement of molecular weights of less than 20000a, size 
exclusion chromatography is not the preferred method of molecular wel^t 
determination, and Instead non-aqueous potentiometric titration can be 
used, to give either the molecular weight or equivalent weight of the 
polyester, by direct measurement of the earboxylic acid content of the 
polyester or co-polyester. Non-aqueous poteatiomeKic titrations were 
g4nerally carried out using a known weight of polyester or co-polyester 
dissolved in acetone coataining lOS v/v of water. Titrations were 
carried out using dilute sodium hydroxide solutions and using equipment 
supplied by Badioneter (Copenhagen, Denmark). This consisted of a 
titrator (TTI 80) and autoburfette (ABO 80), a pH meter (PHM 83) and a 
Russell CHAVK electrode. The titration was plotted on a Servograph (SSC 
80) and molecular weight of the polymer is 
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: ^ere v is the veight of polymer osedt 
£ is the average number of carboxylic acid groups per ^ol^nM^i^p:-;^ 

chain V 'IT •■jLv. 

▼ is the volime of sodium hjrdroxide used, 
n is the nozsialitjr of the sodium hydroxide used. 

Example 1 , • '', 

Goserelin acetate ( 100. 6mg, equivalent to about 86mg of peptide as 
free base), and 50/50X molar D,L«lactide/glyeolide co-polymer (300.3mg) 
containing one terminal carboxylic acid group per polymer ch^ and 
having a veight average molecular veight of A30GDa and an inherent 
viscosity at IX v/y in chloroform at 25*C of 0.08dl/g, and vhich vas 
insoluble in benzene, verc dissolved in anhydride-free glacial acetic ^ 
acid (3ml). The acetic acid solution of drug and polymer vas added 
dropvise to liquid nitrogen, and the frozen droplets vere freeze-^dried 
for 24 hours under high vacuum conditions. Ihe freeze-dried product vas 
finally post-dried at 50*C for 24 hours under high vacuum, to gi^ a 
polyester-drug mixture containing nominally about 25Z v/v goserelin 
acetate (equivalent to about 22 • 31 y/v peptide as free base). 

The dried polyester-drug mixture (AOOmg) vas added to 
dichloromethane, and made up to 4ml.- Initially, a cloudy colloidal 
mixture vas obtained, but over the course of 1 hour this gradually 
cleared to form a clear solution. This solution vas cast as a film, and 
alloved to drjr at room temperature for about 6 hours, then for 20 hours 
at 50*C under high vacuum. A clear, transparent film containing 
t polyester-drag, salt vas thus obtained. 
• ' • * .■ 

(i) The clears transparent film (lOOmg) thus obtained vas melted and 
compression moulded at 80 *C to give a transparent film, about 0.02c3 
thick. On immersion in vater at 37*C for 24 hours, the veight of the 
hydrated drug/polymer film increased to 225mg. In contrast, the 
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polyester alone (lOOng) similarly treated increased 1» wight to only 
126mg, and a film cocprising a siaple adnixture of goserelin acetate 
(25ng) and polymer {75ng) (Bade by adding drug to a solution o£ polyiner * 
in dlehloromethane, reaovlng the solvent and coiptession moulding tiie . .. 
resulting material to give film about O.Oica thick) veighed only I36mg ' 
after 24 hours lamersion In water at 37*C. It is apparent from this 
experiment thAt the polyester-drug salt composition is considerably more 
hydrophilic, and has a higher water-uptake, than either the polyester 
alone or simple admixtures of drug and polyester. 

In ^ simple admixture of: drug and polymer in dichlor^ 
the drug showed no sign of dissolving even after 1 monthV and when dried 
and compression moulded, the simple admixture gave an opaque fila. 
However, In a further experiment, the dear, transparent film obtained 
above <100mg) was dissolved in dichloromethane (1ml) to give a clear, 
transparent polyester-drug solution. To this solution was added 
txifluoroacetic acid (50iil), and the mixture was stirred vigorously. 
There was an immediate precipitate of goserelin as the trlfluoroacetate 

These two experiments show that the dear, transparent film 
containing polyester-drug salt, obtained as described above, is capable 
of being processed to a shaped delivery system using conventional polymer 
melt fabrication techniques. Further, this product contains virtually no 
acetic acid or acetate anion, and so the drug must exist in the foaa of 
the polyester salt. The polyester-drug salt arises because the teralna^ 
lactic or glycollc acid groups on the eo-polymer are much stronger acids 
than acetic acid, and so the weaker acetic add Is displaced by the 
• polymer. The polymer carboxyltc acid In the dlchloronethane-soluble 
pplyester-drug salt can In turn be displaced by a very much stronger 
carboxyllc acid, such as trifluoroacetlc acid. Vhen this occurs, the 

* trlfluoroacetate salt of the peptide Is formed and, as It Is not soluble 
In dichloromethane. Is precipitated. 

(II) The dear, transparent film obtained as described above (Stag), 
containing the polyester-drug salt, was moulded to give a film about 



0.02c» thick. The filn vas incubated in phosphate buffered salint^ 
(containing 0.021 sodiiaa azide) at pH 7.4 and 37«C, and the bufffir 
solution vas assayed periodically by UV to determine the amomt pf - ! 
goserelin released. This moulded product released goscrelin cantinuousiy; 
over about 2 veeks, and by 3 veeks had virtually degraded coapletely/ and 
disappeared from the incubation mediua. T- v . 

This experiment dcaonstrates the utility of very lov molecular 
veight, benzene-insoluble polymers for delivery of drug over a short time 

interval. • . t • ' ' ; 

Similar moulded formulations can be manufacnured using, in place 
of goserelin acetate, either naturally occuring gonadotrophin releasing 
hormones or other highly potent synthetic analogues (agonistic or 
antagonistic) of gonadotrophin releasing hormone, such as tryptorelin, 
ieuprorelin, buserelin and nafarelin, preferably as the acetate salts or 
salts vith other veak acids; or any other polypeptide hormone vhich 
controls secretion of the intact gonadotrophin or either of the 
gonadotrophin subunits*. 

Example 2 

The clear, transparent film product obtained in Example 1 above 
(lOOmg) and a 50/50 molar D,L-lactiQe/glycolide co-polyner (l-05g) having 
a veight average molecular veight of 121,000Da and an inherent viscosity 
at II v/v in chloroform at 2S»C of 0.84dl/g, and vhich is insoluble in 
benzene, were dissolved in dichlorooethane (100ml). The solution vas 
stirred vigorously at 1000 revolutions per minute (rpm), and. silicone oil 
(50ml) vas added slovly over I hour, to precipitate both the 
polyester-drug salt and the free polyester. After 1 hour, the parriaUy 
precipitated mixture of polyester-drug salt, free polyester, silicone oil 
and dichloromethane vas added to vigorously stirred hcxane (2 litres) to 
harden the micropartidcs of polyester-dnig salt and free polyester. 
This mixrure vas stirred for 2 hours and then allovcd to settle, and the 
hexane layer vas discarded. The micropartides (containing about 1.9SZ 
v/v goserelin as free base) vere vashed three times vith fresh hexane 



(SOOml), and "finally isolated by fUtration and dried at 35«C fof H • 
hours under high vacuua. The average size of the kpproxlioately spherical- 
micropartides so obtained, vhich comprise a solution of polyester-teig , ^-^ 
salt in free polyner, vas about 30pm. 

A portion of this product (250mg) vas incubated in phospha^;" y ^ 
bofferedi saline (containing 0.02S sodium azide) at pH 7.4 and 37»C# and 
the buffer solution was assayed peribdieally by OV to determine ti»e 
amount of goserelin released, the microparrides released drug over 
about 5 veeks, and by 7 weeks had virtually disappeared from tb? V ; 
incubation medium. 

The polymer composition used in this experiment was a mixture of 
two co-polyaers of the same lactide/glycolide composition, but hawing 
widely different molecular weights, and which as ai mixture, as deserlbird 
here, was insoluble in benxene/ had a weight average molecular weight of 
108,000Da, a polydispersiqr of S.l, and an inherent viscosity at IX w/t 
in chlorofoxB at 25"C of 0.72dl/g. 

These experiments show the utility of benzene-insoluble polyesters 
having a high molecular weight and a high polydispersi^, for re. lase of 
goserelin over relatively short periods ot ^cime of S-7 wedcs. 

SlmUar microparticle formulations can be manufactured using, in 
place of goserelin acetate, either naturally occurring analogues of 
gonadotrophia releasing hormones or other highly potent synthetic 
analogues (agonists or antagonists) of gonadotrophin releasing hormone, 
such as trypcorelin, leupror«lin, buserelin or nafarelin, preferably as 
the acetate salts ot salts with other weak acids; or any other 
polypeptide hormone which controls or modulates secretion of the intact 
gonadotrophina or either of the individual gonadotrophin sub-units. 

Exaaole" 3 



Gosereli.n acetate (lOlmg, equivalent to about 86mg of goserelin as 
free base) and a l4os aolar poly(0,L-lactic acid), (299. 7mg), which was 
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soluble in benseneV had a veight average nolecular veight of fbottt 
5400Da9 an inherent viscosiry at IX v/v in chlorofora at 25 *C of 
O.OSdl/gi and a polydispersity of 1.8, vere dissolved in anhydride-free ^ 
glacial acetic acid (4ml). This acetic acid solution of goserelin and 
polyester vas added dropvisc to liquid nitrogen, and the frozen droplets 
vere isolated, freeze-dried under vacuus for 24 hours, and then dried at 
55 "C for 24 hours under high vacuum. 

(i) The resulting dried product vas added to dichlorosechane (4ml)9 to 
give a cloudy nixture initially, vhich rapidly dissolved to give a dear 
solution vHich vas fiilered through a 0.2yn nylon sterilising filter. - 

This experiment shows that solutions of the polyester salt of 
goserelin can be sterile- filtered, in contrast to mixtures or dispersions 
of simple drug salts in an organic solution of the polyester. 

(il) Trifluoroacetic acid (50vl) vas added to the clear dichloromethane 
solution from (i) above (Iml), vith vigorous agitation. There vas an 
ixunediate precipitation of goserelin as its trifluoroacetate salt, 
shoving that the goserelin vas present in the dichloromethane solution as 
the. salt vith the carboxy-terminated polyester. 

Similar sterile solution formulations can be manufactured using, 
in pUce of goserelin acetate, either naturally occurring gonadotrophin 
releasing hormones or other highly potent synthetic analogues (agonistic 
or antagonistic) of gonadotrophin releasing hormone, such qs tryptorelin, 
leuproreliii, buserelin or nafarelin, preferably as the acetate salts or 
salts vith other veak acids; or any other polypeptide hormone ^ich 
controls or modulates secretion of the intact gonadotrophins or either of 
the individual gonadotrophin sub-units. 

Example -4. 

The dichloromethane solution of goserelin-polyester obtained in 
Example 3 (23l) vas diluted vith more dichloromethane and made up to. 
10ml. This solution vas sprayed into vigorously stirred hexane (1 
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Utreh to give .icropartides vhich, after isoUtion and drying under - 
^raemim at 45«C for 24 hours, ranged in sire froa about 2pm to about SOiss, 

• vith an average size of about 10pm. The goserelin content of theg; ^ 
micropartides «as equivalent to about 221 as free base. - %:i^?;;L 

, These Bicropartides were Iiicubated in. skline, buffered vi|kir: : {^^^^ 

phosphate to pH 7.4 at 37-C/and the supeniatant periodicdly assayed Iqr 
BY for goserdini Coserelia was released continuously, the release was 
essentially complete by about 8 weeks, and by II veeks the Bicropartides : 
had totdly degraded and disappeared from the incubation medium. . This ; 
. Wsriment shows the utility of very low molecdar weight benzene-soluble 
polyesters in providing continuous peptide release over about 2 months. 

If the goserelin acetate in the above experiments is replaced ^ 
the trif luoroacetate sdt, then adear solution is not obtained, but 

• instead the polyester solution in dichloromethane contains essentially . 
dispersion of goserelin trifluoroacetate. This mixture will not pass , 
through a 0.2wm fUter, and so is not capable of being sterile-filtered, 
and such a dispersion of goserelin trifluoroacetate in the polyester, 
solution, when sprayed into stirred hexane produced a congealed and 

. floccdated mass, rather than micropartidej. . 

Thus the goserdin-polyester sdt has properties which render it 

much easier to formulate into a microparticle form, than mixtures of the 
simple salt in a solution of very low molecular weight polymer. 

. SimiUr*Bicroparticle formulations may be manufactured by using, 
■ in place of goserdin acetate* either naturdly occurring gonadotrophin 
releasing hormones or other highly potent synthetic andogues (agonists 
or antagonists) of gonadotrophin rdeasing hormone, such as tryptorelln. 
• leuprorelin. buserdin or nafardin, preferably as the acetate salts or 

* salts with other weak acids; or any other polypeptide hormone which 
controls or modulates secretion of the intact gonadotrophins or either of 
the individud gonadotrophin sub-units. 
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Exanple 5 . 

Goserelin acetate (304mg, equivalent to about 248ag of gosereliB 
as free base) and lOOZ Dolar poly(0,L-lactie acid) (102Bg), having a 
veight average Dolecular veight of aboac 5400,: an inherent Tlscoslty at 
IZ v/v in chlorofom at 25*C a£ 0.08dl/g» and a polydispersity of 1.8, ^ 
vere dissolved in anhydride- free glacial acetic acid;(2ffll}. The acetic 
acid solution of goserelin and polyester vas then added dropvise to 
liquid nitrogen 9 and the frozen droplets vere isolated* freese-dried 
under high vacaum for 24 hours* and then dried under vacuus ac S5*C for 
• 24 hours. 

The resulting product vas added to dichloromethane (2al) to give a 
cloudy, colloidal nizture vhlch did not clear totally vith time. Ibis 
mixture in dichloromethane comprised essentially a dispersion of 
goserelin acetate in the goserelin-j^olyester salt* 

This dispersion of goserelin acetate in the methylene chloride 
solution of the polyester-goserelin salt vas formulated into a 
microparticulate form, containing goserelin equivalent to about 72Z v/v p: 
as free base, vfaerein the free goserelin acetate is dispersed throughout . 
a continuous phase of the goserelin-polyester salt, by spray drying* 
spray-congealing, simple precipitation or by phase separation 
co-acervation* 

Similar micropartide formulations may be manufactured by using, , 
in place of goserelin acetate, either naturally occuring gonadotrophin 
releasing hormones or other highly potent synthetic analogues (agonists 
or antagonists) of gonadotrophin releasing hormones, such as tryptorelin, 
leuprorelin, buserelin or nafarelin, preferably as the acetate sales or 
salts vith other veak acids; or any other polypeptide hormone vhich 
controls or modulates secretion of the intact gonadotrophins or either of 
its individual sub-units. 
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Exanole 6 , ' \ 

A co-polyester of O.L-lactie acid and gl^^olic acid, 
molar composition of 781 0,L-lactic acid and 22X glycolic «:id. VM^ 
prepared hy co-polycondcnsacion of the t«o hydroxy acids. After-^;^ / ^ 
purification of the co-poly-er. by addition of a solution of the ^ ^ . 
co-polyester in acetone to -ethaaol to precipitate the co-polyester. and 
searation «.d drying the precipitated material, the co-polyester h«l » 
weight average molecular veight of about ll.OOODa. a number average, 
molecular veight (.s determined by non-aqueous pot^tiometrlc titration . 
and assuming that each co-polyester chain has only one terminal , . 

■ carboxylic acid group) of 6100Da. and therefore a polydispersity^f 1.6. 

and an inherent viscosity at It v/v in chlorofor. at 25-C of 0.1^^^^ 

Gosereiin acetate (228.9»g, equivalent to about 200og of goserelin 
as free base) and the above-described co-polyester (1.8g) vere dissolved 
in anhydride-free glacial acetic acid (10ml) . The goserelin-polyest«r 
solution so obtained vas added dropwise to liquid nitrogen, and the 
frozen droplets were isolated, freexe-dried for 24 hours, and then . . 
finally dried at 50'C for 24 hours under vacuum. 

The dried goserelin-polyester mixture was added to dichloromethane^ 
(10ml) to give initially a cloudy colloidal mixture, but after 2« hour, 
this had changed to a clear solution, which could be filtered through t 
0.2wm nylon sterilising filter. 

Vhen trifluoroacetic acid vas added to a.saaU aliquot of this, 
clear solution, there vas an immediate precipitate of the goserelin as 
its trifluoroacetate salt, shoving that, in the clear, transparent 
dichloromethane solution, the goserelin in the goserelin-polyester 
■ Bdrcure vas present mainly or wholly as the polyester salt. 

The dichloromethane solution of the goserelin-polyester salt vas 
evaporated to dryness, and the resulting solid vas dried at room 
temoerature for 6 hours and then at 55-C for 20 hours under vacuum. « 
give a dear cast liln containing goserelin-polyester salt. 
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The dried goserelin-polyester 0ixrure» prepared as described 
above^ (Ig) vas dissolved in tal of dichlorcmechane. The resulring 
solution vas placed in a 250b1 nulrinecked round'^bocrooed flaik^and svepr* 
vith a srreaa of nitrogen to remove all air, and to generate a carbon 
dioxide-free atmosphere, ffater (90i&l), which had previously been 
degassed to remove all carbon dioxide and then stored under carbon 
dioxide- free nitrogen, vas introduced into the flask, and the mixture vas 
stirred vigorously at about 500 rpm under an atmosphere vhich vas 
essentially carbon dioxide- free. The dichloromethane solution of 
goserelin-polyester salt rapidly dispersed to give a stable oil 
(dichloromethane solution of dru'^blymer salt)-in-^^^ dispersion. 
Vhilst maintaining stirring at about 200 rpa, a vacuum vas gradually 
applied and the bulk of the dichloromethane vas evaporated under vacuum^ 
to give a dispersion of goserelin-polyester salt in vater. rreezc-drying 
this dispersion produced micropartides, in vhich the goserelia is 
present as the goserelin-polyester salt having an average particle size . 
of about 20ua, vhich vas shovn to release goserelin over about 6 veeks, 
vhen incubated in saline, buffered vith phosphate to pB 7.4 at 37*C, axid 
. the supernatant periodically assayed by UV for goserelin. 

Similar micropartides may also be manufactured by incorporating 
in the aqueous phase agents vhich arc knovn to improve polypeptide 
stability such as mannitol. Although it is preferred to carry out the 
above process in a carbon dioxide-free ataospherei it is nevertheless 
possible to achieve satisfactory results in the presence of traces of 
carbon dioxide, depending on polyester molecular veigkt and drug loading. 

Similar sterile solution, cast film and micropartide formulations 
may be manufactured in a similar manner using, in place of goserelin 
acetate, either the natural analogues of gonadotrophin releasing hormones 

* or other highly potent synthetic analogues (agonists or antagonists) such 

• as tryptorelia, leuprorelin, buserelin or nafarelin, preferably as 
acetate salts or salts vith other veak acids; or any other polypeptide 
hormone vhich can control or modulate the secretion of intact 
gonadotrophins or either of their sub-units. 



Example 7 . ' ,•■ 

• The procedure described in Example S was repeated, to give ^^J^. ^ ^ 
dear transparent filn, and this fil» (Ig) vas dissolved in did^P^^ : 
methane (4ml). The solution was warmed to about 3S«C, and then an^-.r,l 
aqueous solution, at about WC, of purified gelatin (15mg) in wat«T. 
(lOOul) was added to the dichloromethane solution of goserelin-polyesttr/ 
salt, and the mixture was stirred wigprously at about 35«C to give an 
ectremely fine dispersion of the aqueous gelatin solution in the ; ; 
dichloromethaai^solutlen of the goserelin-polyester salt. On cooling to ^ 
room temperature, the coUoidal nature of the suspension vas maintaliiedv 

This experiment demonstrates that thje gosereUn-polyester salt M 
surface active properties, ind can> used to give stable dispersions 
an oily phase, such as dichloromethane, of aqueous solutions of other 
vater-soluble agents, such as gelatin, polysaccharides and other 
hydrophilie polymers, or vice versa. 

The process described in Example 6 was repeated, using th« 
dispersion of aqueous gelatin in the dichloromethane solution of tba 
goserelin-polyester salt described above, to give a mierbcapsula product . 
which contains both gelatin and goserelin-polyester salt. 

Other low molecular weight compounds may be incorporated in the 
aqueous polymer phase. In particular, it is sometimes useful to include 
compounds such as nannitol, which are known to enhance the stability of 
peptides. Alternatively, these stabiUsing agents may be incorporated in 
both aqueous phases of tlie complex vater-in-oil-ln-water- dispersion, 
comprising aqueous gelatin dispersed in the dichloromethane solution of. 
the goserelin-polyester salt, and the resulting water-ia-oll dispersion 
in turn is dispersed in water. 

Similar suspension and aicropartide fonsulations may be 
manufactured similarly using, in place of goserelin acetate, other highly 
potent analogues (agonists or antagonists) .of goaadotrophin releasing 
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horaoney' such as tx7proreliD» leuprorelin, biiserelin or nafereliny 
preferably as the acerare salrs or salts vlrh other veak acids; or any 
other polypeptide horaone vhicb can control or modulate the secretioavot 

•• . • ■ ... -v^"-'-^ 

intact gonadotrophias or either of their sub-units. :^ 
Example g . • ' 

Coserelin acetate (77lBg, equivalent to about 67tog of goserelin . 
as free base), 95/5 molar D,L-lactide/glycolide co-polymer (1.8g) having 
a weight average molecular veight of about 3600Da and an inherent-; 
viscosity at II y/v in chloroform at 25'C of 0.08dl/g, and^J|/5 molax v. . 
D,L-lactide/glycolide co-polymer having a veight average molecular. veight/ 
of about 15,000Da and an inherent viscosity at 12 v/v in chlorofoxm at 
25^C of 0.17dl/g (4.2g), vere dissolved in anhydride-free glacial acetic' 
acid (70ml) # The combined polymers had a veight average molecular vel^t 
of about 12,300Da and a polydispersiqr of about 2.6. The goserelin- 
polyester solution vas added dropvise to liquid nitrogen » and the frozen 
droplets vere isolated and freese-dried under high vacuum for about 18 
hours. The product drug-polymer mixture vas finally dried at 55*C for 24 
hours under high vacuum. 

The dried drug-polymer mixture (6g):vas added to dichloromethane 
(60ml) to give an initially cloudy colloidal mixture vhich» over the 
course of 1 hour,- gradually cleared to give a clear solution of \ 
gpserelin-polyester salt in dichloromethane. 

This solution vas spray-dried using a Buchi spray dryer, using an 
inlet temperature of 60*C andi an outlet temperature of 3S*C, to produce 
approximately spherical micropartides of about Ipm to about lOpm . 
diameter. 

In these micropartides the drug is present essentially completely 
as the goserelin-polyester salt, as the acetic acid content, as free acid 
or anion, is 0,06S or less, instead of 0.6 to 0.71 vhich vould be 
required if the goserelin vere present as its acetate salt. 
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These microp articles vhen further processed by compression . 
moulding at 80 'C yielded a dear, transparent and brittle fila. 

This experiment demonstrates the utility of peptide salts with 
benzene-soluble polyesters of lov molecular weight pqlymers^ and 
optionally of high polydispersity. 

Similar solution, micropartide and moulded formulations may be 
manufactured using, in place of goserelin acetate, either naturally 
occurring gonadotrophin releasing hormones or other highly potent 
synthetic analogues (agonists or antagonists) of gonadotrophin releasing 
hormone, such as tryptorelin, leuprorelinr^erelin or nafarelin, 
preferably as the acetate salts or salts with other weak acids; or any 
other polypeptide hormones which controls secretion of the intact 
gonadotrophins or either of the gonadotrophin sub-units. 

Example 9 > 

Goserelin acetate and other highly potent synthetic agonists of 
gonadotrophin releasing hormone are selective chemical castrating agents 
which are used in the treatment of hormone dependent cancers such as 
prostate cancer in men and premenopausal breast cancer in women. These 
drugs are also used to treat non-malignant gynaecological conditions in 
vomen, and they work by ultimately suppressing the secretions of 
gonadotrophins by the pituitar. , which in turn leads to a suppression of 
the sex hormones, such as oestrogen in females and testosterone in males. 

Consequently, continuous sustained release of sucl^ drugs may be 
evaluated in vivo in the normal adult female rat having regular oestrus 
cycles. In this animal, the oestrus cycle is about 4 days, and the 
occurrence of oestrus is shown by the presence of only comified cells in 
• vaginal smears, taken on the day of oestrus. If the animal is chemically 
castrated, by a drug such as goserelin, then oestrous does not occutj * 
leading to the absence of cornified cells in vaginal smears. The animals 
will enter a prolonged period of dioestrous, induced by chemical 
castration, and dioestrous will be maintained for as long as effective 
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amounts of drug are released. 

(i) . The fldcropartlcles obtained in Example B (450fflg) vere dispersed lH 
vater containing 2! v/7 of sodlm carboxyaethyl cellulose and 0.21 vlf 
polysorbate 80, and made up to Bml vlth vater. 0.2ml (equivalent to 
about 3mg of goserelin as free base) vas injected sub- cutaneous I7 Into 10 
normal adult female rats shoving regular cydidty, and the ensuing 
effect 00 oestrous cydldty vas detenlned by microscopic examination of 
vaginal smears. The animals entered a continuous phase of dloestroitSt 
that Is chemical castration, lasting 95 t 3 days. 

Ibis experiment shovs that an aqueous suspension formulation of 
goserelln^polyester salt, based on a lov molecular velght benrene*solubIe 
polyester, provides a relatively long period of controlled release of 
about three months of a peptide drug vhlch has a metabolic half -life of 
only 4-6 hours. 

(11) The mlcroparticles obtained In Exas^le iB (4S0mg) vere dispersed la 
ethyl oleate, and made up to 3ml. Again 0.2ml of formulation vere 
administered to (six) female rats shoving regularly cyclldcy by 
subcutaneous Injection. The animals entered a continuous phase of 
dioestrous lasting 81^3 days • 

This experiment shovs that a solution formulation of goserelin* 
polyester salt in an organic injection vehicle, vhlch is a non- solvent 
for- the polyester aloner-ptoyldes a-rrelatively-long period of controlled 
peptide drug release. 

Example 10 , 

Leuprorelln acetate (50.3mg) and the co-polyester comprising 78X 
molar D,L-lactic acid and 22X solar glycolic acid, described in Example 6 
above (453.2mg)i vere dissolved in anhydride- free glacial acedc add 
(5ml}. The resulting solution vas added dropvise to liquid nitrogen, and 
the frozen droplets xere freeze-dried tinder high vacuum for 22 hours, and 
then further dried af 55 *C for 24 hours under high vacuum. 
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The resulting product (SOOmg) was dissolved in redistilled acecane 
(10ml) In a lOOal round bottoned flask, to give initially a tiirbid, 
collpidal mixture, vhich gradually cleared to a, transparent so^jieloa. 
Ihe acetone vas evaporated under vacuum, and the resulting dear film was 
dried at 55 •€ for 4 hours' under high vacuus. This film of 
leuprorelin-polyester salt was redissolved in acetone (10 b1), and die 
solution vas degassed and then purged with nitrogen. 

Freshly distilled water (200ml) was stirred vigorously under; 
nitr&sr-a, and the acetone solution of leuprorelin-polyester salt vas 
sprayed onto the surface of the agitated vatef. Vhen «11 the acetone 
solution had been sprayed, stirring was maintained for a further hour, 
and then the mixture was allowed to settle. The aicropartldes of ^e 
leuprorelin-polyester salt settled out, and the aqueous supernatant was 
discarded. The nicroparcicles vere resuspended in a further portion of 
carbon-dioxide free water (-200ml), and the suspension was stirred under 
nitrogen for a further hour. The micropartides were separated, by 
initially allowing the mixture to settle, decanting the aquebus layer, 
and then filtering the residue w »epa»« «he micropartides fron the 
excess water. The micropartides were dried at 3b»C for 24 hours under 
high vacuua, to give a product which had ah average particle size of 
about ISun. . 

This micropartide fomulation of leuprorelin-polyester salt was 
incubated in saline, buffered with phosphate to pH 7.4 at 37*C, and the 
supernatant was assayed periodically by UV for leuprordin. Leuprordin 
vas released continuously for about 5 weeks, by irtiich time the . 
foradation had totally degraded. 

Similar micropartide formulations may be manufaccared similarly 
using, in pUce of leuprorelin, either naturally occurring gonadotrophin 
releasing hormones or other highly potent synthetic andogues (agonists 
or antagonists) of gonadotrophin releasing hormone, such as trypcorelin, 
goserelin, buserelin or. nafarelin, preferably as the acetate sdes or 
other salts with weak acids; or any other polypeptide horaones vhich 
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controls secretion of the intact gonadotropbias or either o£ the 
gonadotrophin sub-units. 



Exaarele 11 » 



i) Goserelin acetate (2.28g. equivalent to about i.OOg of goserelinraa 
'free base) vas dissolved in anhydride-free glacial acetic acid (fiOm^).- AT 
mixture of tvo 95/51 molar poly(D,L-lactic acid)/polygl7colic acid) " 
copolymers (12.6g of a copolymer vith a weight average molecular wei^t; , 
of 15.846 and a polydispersity of 1.38, and 5.4g of a copolymer vith a 
weight average molecular veight of 3,896 and a polydispersity of li 78 V_ 
and therefore providing an excess of copolymer carboxylic acid end grouff. 
relative to basic drug, was dissolved with stirring in anhydride-free 
glacial acetic acid (ISOml) to give a clear solution. The drug solution 
was added to the copolymer solution and was mixed thoroughly. This 
mixture was then added dropwlse to liquid nitrogen to freeze it as small 
beads, and the solid material was freeze dried for cso days using an . 
Edvards high vacuum freeze drier, The dried material was fundier dried ; . 
at 50-55*C in a vacuum oven for 24 hours. 

This dried product (lOOmg) was added to dichloronethane (Iml) and 
was found to dissolve totally within 2 hours to give a dear solution. 
It is shown by this Example that the formation of the polyester-goserelin 
salt confers good. solubility upon the drug such that if can be dissolved 
in a non-polar solvent. 

-li) Goserelin acetate-(-2.28g, equivalent _t9„abottt .2.qpg of goserelin as 
free base) was dissolved in anhydride-free glacial acetic acid (60ml). A 
mixture of wo lOOX molar poly(D,L-lactic acid) polymers (12. 6g of a 
polymer with a weight average molecular weight 15,178 and a polydispers- 
ity of 1.27. and 5.4g of a polymer with a veight average molecular weight 
of 4,204 and a polydispersity of 1.84) and therefore providing an excess 
of copolymer carbexylic acid end groups' relative to basic drug, was " 
dissolved with stirring in anhydride-free glacial acetic acid (150ml) to 
give a clear solution. The drug solution was added to the polymisr 
solution and vas nix^d thoroughly, and this mixture vas then added 
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dropwise to liquid nitrogen to freese it as saall beads. The solid ^ 
material vas freeze dried for r.-o days using an Edwards high vacuum v 
freere drier, and the dried material was further dried at 50-55.»C in a ; 
vacuon oven for 24 hours. . . . ' 

This driW product (lOOng) vas added to dichloronethane (tal): and 
vas found to dissolve totally vithin 2 hours to give a dear solutioii. 
It is shown by this Example that the formation of the polyester-goserelin 
salt confers good solubility upon the drug such that it can be dissolved 
la a tion-polar solvent. . ^cas-. - 

iii) Goserelin acetate (2. 28g, equivalent to about 2.00g of goserelis as 
free base) was dissolved in .anhydride-free glacial acetic acid (60ml). A 
mixture of an 80/20X molar poly(D,L-lactic acid)/polyglycoUc add) 
copolymer (12.6g of a copolymer with a weight average molecular weight 
106,510 and a polydispersity of 2.27) and a 95S/SX molar poly(D,L-lactic : 
acid)/polyglycolic acid) copolymer (5.«g of a copolymer with a wei^t 
average molecular weight 3,896 and a polydispersity of 1.78) and y.^ 
therefore providing an excess of copolymer carboxyUc acid end groups 
relative to basic drug, was dissolved with stirring in anhydride-free 
glacial acetic acid (150ml) to give a clear solution, lie d?ug soludon 
was added to the copolymer solution and was mixed thoroughly. This 
mixture was then added dropwise to liquid nitrogen to freese it as smaU 
beads, the solid material was, freeze dried for two days using an Edwards 
higii vacuum freeze drier, and the dried material was further dried at 
50-5VC^ a^vaMum oven f « 

This dried product (lOOmg) was added to dichloromethane (1ml) and 
was found to dissolve totally vithin 2 hours to give a clear solution. 
It is shown by this Ex»ple that the formation of the polyester-goserelin 
salt confers good solubility upon the drug such that it can be dissolved 
* in a non-polar solvent. 

iv) Goserelin acetate (2.l7g, equivalent to about 1.90g of goserelin as 
free base) vas dissolved in aahydride-free glacial acetic acid (60ml). A 
mixture of two 67/332 molar pcly(D,L-lactic acid) /polyglycolic acid) 
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copolymers (12»0g of a copolyaer vith a veighr average molecular veiglit: 
of 35,833 and a polydispersicy of 1.83» and 5.15g of a polyaer vith a 
veight average molecular veighc of 4,116 and a polydispersicy of 1.86y " - . 
and therefore providing an excess of polymer carboxylic acid end groapa r 
relative to basic drug, vas dissolved vith stirring in anhydride«!;^f|r:aa ;\ 
glacial aceitic acid (15tal) to give a clear soluclon. The drug solution - 
vas added to the copolymer solution and vas mixed thoroughly. This 
mixture vas then added dropvise to liquid nitrogen to freeze it as small 
beads. The solid material vas freeze dried for tvo days using an Edvards 
high vacuum freeze drier» and the dried material vas further dried at 
. 50-55*C in a vacuum oven for 24.hour8* • 

This dried product (lOOmg) vas added to dichloromethane (lal) and 
vas found to dissolve totally vithin 10 minutes to give a clear solution.; 
It is shovn by this Example that the formation of the polyester-goserelin 
salt confers good solubility upon the drug» such that it can be dissolved 
in a non*polar solvent. 

Comparative Example 

Gosereliii acetate (2.28g, equivalent to about 2.00g of goserelin 
as free base) vas dissolved in anhydride*free glacial acetic acid (60ml). 
A 50/50Z molar poly (D^L-lactic acid)/polyglycolic acid) copolymer (IS.Ogm 
polymer vith a veight average molecular veighr 22,307 and a 
polydispersity of 2.07) and therefore providing an approximately 
stoichiometric equivalent of copolymer-carboxylic acid end groups 
relative to basic drug, vas dissolved vith stirring in anhydride-free • 
glacial acetic acid (ISOml) to give a clear solution. The drug solution 
vas added to the copolymer solution and vas mixed thoroughly. This 
mixture vas then added dropvise to liquid nitrogen to freeze it as small 
beads. The solid material vas freeze dried for tvo days using an Edvards 
high vacuum freeze drier» and the dried material vas further dried at 
50*55 *C in a vacuum oven for 24 hours. 



This dried product (lOOmg) vas added to dichloromethane (1ml) and 
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was found not to have dissolved totally after 4 hours, but did dissolve 
to for« a clear solution after 4 days. It is shovn by this Exaaple that 
the fonnation of the polyester-goserelin salt, to confer good solublUty, 
upon the drug such that it can be dissolved, in a non-polar solvent, 
occurs more readily vhen tlie cppolyner carboxyUc acid end groups are ' : 
present in excess relative to the basic drug. . 

The dried products i-iv were dissolved in dichloromethane and 
spray dried using a Buchi 190 lab scale spray drier, according to the. 
following tabled- 



Product 


Ratio product 


Inlet teap 


Outlet tenp 




to solvent Z 


•C 


•c 


i ' 


10 


48 


•'.■32. 


it 


10 


58 


38 


ill. 


' ■• 2 • . 


58 


44 


iv 


10 


55 


35 



The spray drying of products i-lv gave s«all particles vith a 
diameter approximately l-10v« i« size as detemined by scanning electron 
microscopy. The final particles vere assayed for acetic acid content 
using a gas chromatography assay with a limit of detection of 
approximately 0.03X. No acetic acid was found in these formulations 
using this assay and this demonstrates that the drug is present as the 
polyester salt and not the acetate salt, since acetic add levels of. 
approximately 0.5S would be expected for the acetate salt. 

Spray dried particles (50mg) i-iv above were dissolved In 
dichloromethane (0.5ml) to give a clear solution. One drop of 
ttifluoroacetic acid was added to each, and in each case this resulted in 
the formation of a white" precipitate. The samples were centrifuged to 
collect the precipitates, which were washed with dichloromethane. HPLC 
analysis showed the precipitated material to be goserelin. These 
Examples show that the drug can be displaced from the drug-polyester salt 
in s lution in a non-polar solvent by the addition of a strong acid, and 
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that this causes the solubility pr perties of the drug in non-polar^ v ^; ' 

solvent to return to that expected of the acid salt of a peptide drug 
(i.e. not soluble). 

'] Example 12 . '.-^'..v^'';.;-'". 

The spray dried particles i-iv in Example 11 vere dispersed (18Z ^ 
v/v) in an aqueous vehicle suitable for injection (2: sodium , ; 
carboxTnetbylcellulose [Fluka, medium viscosi^] t 0.2X polysorbate 80^^ v 
[Ttfeen (trade mark),. Fluka]. 

The spray dried particles from Example 11, dispersed in the ... 
Injection vehicle described above, vere injected into ten female 
Vistar'-derived rats. Blood samples vere taken from the tails of five 
rats on days 7, 14 and 28, and these samples vere assayed for goserelin 
using a radioimmunoassay vith knovn specif ici^ for the drug and proven 
lack of cross reactivity to metabolites. 

The results of these experiments shoved that this fozmulatioh achieved ; 
measurable blood levels of goserelin for at least 4 veeks. 

Example 13 . . • . 

Spray dried product ii of Example 11 vas dispersed in the folloving 
aqueous vehicles for injection. 

a. sodium carboxymethyl cellulose (medium viscosity grade, Fluka) l.OZ, 
aiad polysorbate 80 (Tveen) 0.75X. 

b. methyl cellulose (ISmPa.s, Fluka) 0.75S and polysorbate 80 (TVeein) 
0.75X. 

• • * * . 

These formulations dispersed veil in these vehicles, and vere 
suitable for parenteral administration. 
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Example 14 . 

Spraj dried product li of Exaaple II (AOteg) was dissolved in 
dichloroBechane (4ri.). This was added, using a syringe, to a solution of 
0.25X polyvinyl alcohol (PVA) in water (Aldrieh, 751 hydrolysed, 

'■ molecular weight 2000) which was being stirred at 2500rpm. After two . 
miiiutes the rate of stirring was reduced to SOOrpm, stirring was 
continued for a further 30 minutes. Stirring was then stopped, and the 
particles formed were allowd to settle out. The PVA solution was 
decanted and the particles were then washed twice with ice cold water and 
recovered by centrlfugation. The particles were finally dried Jrjreiese 
drying, and the final product was a fine particulate material coiwining 

' gbserelia. 

Exanole 15 ' . 

Spray dried formulation iv of Example 11 was extruded at 82«C to 
give a cylindrical extrudate approximately one miUimeter in diameter. 
This extrudate was cut to lengths weiring approximately 36mg and 
containing approximately 3. tag of goserelin. This extrudate was 
completely dear to light rather than being of a white appearance, the 
latter appearance being typical of a simple mixture of drug and polymer 
produced without forming the salt of the peptide with the polyester (as 
in for example the commercially available 'Zoladex' depot - 'Zoladex' is 

a trade mark). The clarity of this extrudate indicates that the peptide 
goserelin is compatible with the polyester phase, father than being in a 
separate phase, which results in light scattering and a white appearance. 
This compatibility can only occur if the peptide is in the sane phase as 
the polymer, i.e. it is present as the salt of the polyester. 

Single such 3.6mg depots were implanted into 21 Wistar-derived 
rats under anaesthesia. At subsequent tine pointis groups of three 
animals were killed and the depots were retrieved. The recovered depots 
were dissolved in glacial acetic acid in a volumetric flask and the 
polymer was precipitated by addition of an excess of water. This i»s 
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then filtered (Millex O.Suin) and the filtrate assayed for drug concent bf 
HFLC. The release profile of the depots vas calculated by reference to 
the drug content of depots which bad not been implanted, and which vera_ 
included in the saae assay* These depots of dzjug-polyesrer salt gave 
sustained release of goserelin in yixro for a period of ac least f our . ^ 
weeks. 

■" • . ■ ■ • . • ■ • 

Exanole 16 

(i) Lactidc/glycolide copolymer (95/5) with a single terminal 
carborylic acid group (S^J^s, Mw - 5750, polydispersity. - 1.5, molecular 
weight by end group titration « 2516g/mole, inherent vicosity at 12 v/y 
in chloroform • 0.10 dl/g} vas dissolved in dichlorometha&e (50mi} with 
stirring. To this was added 1.13g goserelin acecace, forming a cloudy 
suspension. Methanol (5ml) was added with stirring, and after 30 minutes 
the mixture yas completely clear. The solvent was then removed from the 
solution by rotary evaporation to leave a clear solid. This solid was 
redissolved in dichloromethane (SOral) and the solvent vas again removed 
by rotary evaporation. The redissolution step and solvent removal step 1 
were repeated twice more to leave a very viscous fluid which vas dried 
under high vacuum to give a white foam. The foam vas broken up and dried 
under vacuum for a further 24 hours at room temperature to give a fine 
amorphous solid. 

(ii) The process described in i) above vas repeated, using a 
lactide/glycolide copolymer (75/25) vith a single terminal carboxylic 
acid (8.87g, Mv - 10900, polydispersity - 1.85, molecular weight by end 
group titration ■ 3210g/mole, inherent ^scosity at IX w/v in chloroform 
• 0.14dl/g), to give a fine amorphous solid. 

Formulation 1 

The goserelin-lactide/glycolide polymer salt from (i) above (Ig) 
vas added to benzyl benzoate (99X, ex Janssen, 2ml) and this was heated 
using a hand held hot-air gun whilst agitating the mixrure until the 
solid was dissolved. IlOjil of this solution formulation contained 3.6 mg 
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of goserelin. 



Foxnulation .2 



AS Foraulation 1. except that the solvent vas a iolxtare (l.7i«l) b£ 
67X benzyl benzoate (99X. ex Janssen) and 33Z benzyl Ueohol (arfiy&ous. 
99X, ex Aldricb). 100|»1 o£ this solntlon foraulation eontained 3.6 sg o£ 
.goserelin. 



FozBuiation 3 

As Formulation I, except that the solvent was benzyl Ucohol 
(1.7b1. anhydrous, 99X, ex Aldrich). lOOyl of this solution fonaulatlon 
contained 3.6 mg of goserelin. 

Foraulation 4 

As Foraulation 1, except that the goserellu-lactide/glycolide 
polymer salt from (ii) above (Ig) and Sad of benzyl beazoate were used. 
ISOul of this solution formulation contained 3.6 mg of goserelin. 

Foraulation 5 . 

As Formulation 4, except that the solvent mixture of Formulation 2 
vas used. lOOiil of this solution formulation contained 3.6 mg of 
gosereUn. 

Foraulation 6 

As Formulation *, except that the solvent of Formulation 3 was 
used. lOOyl of this solution foraulation contained 3.6 mg of goserelin. 



Biological evaluation 



Release of goserelin from the above Foraulations l to 6 in vivo 
deterained by studying daily vaginal smears of dosed female rats. 
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The normal oestrus cycle (oesrniSr dioestms, ner-oescrus, prb-oescrns), 
can be followed from the proportions of the various cell types : 
(leucocytlc, epithelial and comified) in the smear. Zf the release of 
drug from the formulations is continuous the normal oestrus cycle is 
interrupted and the rats vill remain in dioestrus as long as release of 
the goserelin continues. 

Formulations 1*6 vere dosed to groups (n«() of regularly cycling 
female rats at a dose of 3.6mg goserelin per rat. A syringe fitted vlxh 
a 20 gauge needle was used for dosing the formulations subcutaneously. An 
undosed group of five rats vas used as a control group.^ Vaginal smisars 
vere taken daily from the rats, and examined to determine the oestrus 
state of the animals^ and the results obtained vere as follovss 



Formilation number Average duration of dioestrus (days) 

(± s.e.) 

1 100 ± 2.7 

a 120 * 6.3 

3 69 ± 5.9 

4 59 t 1.2 

5 61 ± 2.1 

6 53 ±3.7 



From these results it can be seen that all six formulations gave 
periods of goserelin release in excess of 6 veelcs and that formulations 1 
and 2 released goserelin for a period of three months or more. It can 
-' further be. seen from the$e examples that the fomulatiM^^ of j%e.;. 
goserelin-polyester salt ^an be provided as solutions vhich can be 
readily administered parentally using a narrow gauge needle, and that 
such formulations are convenient for treatment of hormone dependent 
, tumours in man. 

Example 17 



Formulation 1 
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As. Foxmalatioa 1 from Exaople 16* 

Foznalacion 2 . 

The process described in Exaaple 16(i) was repeated, usiftg a 
polylactide homopolymer with a single terminal carboxyUc acid (Bw - 
5092, polydispersity - 1.44, molecular weight by end group titration - 
2270g/mole) and goserelin acetate {0.46g). The acetic acid content of 
this aaorphouc soUd was determined by gas chromatography, and was found 
to be 0.14X. 

Thii goserelin-lactide polymer^sat (Ig) was added to benzyl 
benxoate (99X, ex Janssen, 2«1), and this was heated using a hand held 
hot-air gun whilst agitating the mixture until the solid was dissolve. 
llOpl of this solution formulation contained 3.6mg of ' goserelin. 

Formulation 3 

A lactide/glycolide copolymer (95/5) with a single terminal 
carboxylic acid {7.86g. - 5750, polydispersity -1.50, molecular 
weight by end group titration - 2516g/mole) and goserelin acetate (0.98g) 
were dissolved in glacial acetic acid (lOOnl) . This solution was froaen 
by adding dropwise to liquid nitrogen, followed by freexe drying for 2 
days. The resulting solid was then dried for * further 24 hours at 40*C. 
The acetic add content of this freeze dried solid was determined gas 
chromatograplqr and vas found to be 0.17S. 

This goserelin-lactide/glycolide copolymer mixture (Ig) was added 
to benzyl benzoate ((2ml, 991, ex Janssen), and this was. heated using a 
hand held hot-^r gun whilst agitating the mixture until the solid was 
dissolyed. llOpl of this solution formulation contained 3.6 mg of 
* goserelin. 

It can therefore be seen that formulation of goserelin as the 
polyester salt confers good solubility properties upon the drug, such 
that it-can be dissolved In lipophilic solvents such as benzyl benzoate 
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in tdilcH goserelin acetate itself is not a luble. 

Biological evaluation 

Fomilacions 1-3 vere dosed to groups (no 10) of regularly* cycling' 
female rats at a dose of 3.60g goserelin per rat» as described in Ezasple 

. 16. Following dosingi the aniaals vere found to enter a period of y 
continuous dioestrus indicating continuous release of goserelin. The • - 
average duration of the diostrus period for each group of rats is given 

. in the folloving table. From this table it can be seen that all three! 
foraulations gave periods of goserelin release in excess of fourteen 

' veeks. - ^ -^s^- • 

Average duration of dioestrus. 
(days) (t s.e.) 

lOU (±5.4) 
99 <± 3-9) 
101 (±2.8) 

It can further be seen from these examples that the formulations 
of the goserelin polyester salt can be provided as solutions which can be 
readily administered parentally using a. narrow gauge needle^ and that 
such formulations are convenient fior the treatment, of hormone dependent- 
tumours in nan. 



Examole 18 
Formulation 1 

Lactide/glycolide copolymer (95/5) with a single terminal 
carboxylic acid (4.5g9 Mv » 6806, polydispersity » 1.55t molecular weight 
by end group titration • 3027g/mole, inherent vicosity at U v/v in 
chlorofona » 0.108dl/g) was dissolved in glacial acetic acid (SOml). To 
this solution was added goserelin acetate .(0.56g, equivalent to O.Sg 

■ \ 



Formulation Ho. 

• 1 .' ■ •' 
2 
3 
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goserelln) and the mixture was stirred for 10 nlntttes to give a clear 
colourless sol«ioi». This vas frozen bf addiag dropwise to liquid 
nitrogen, followed freeze drying for 2 days. The resulting solid was ^ 
then dried for a further 24 hours at 40«C. The acetic acid con'tent of ■ 
this freeze dried solid was determined by gas chromatography and was 
found to be 0.3Z. 

This goserelin-lactide/glycolide copolymer mixture (l.Og) was ^ 
added to benzyl benzoate (2.0ml. 99X, ex iansseh) and was dissolved with 
wrming and agitation. The final solution contained 3. 67mg of goserelia 
"la llOpl, and the goserelin content pf the final product was lO.iW w/w. 

Formulation 2 

The process described above for Formulation 1 was repeated, using 
a lactide/glycolide copolymer (95/5) with a single terminal carboxylic 
add (4.0g, Mw - 6011, polydispersity - 1.56, molecular weight b7 end 
group titration - 2700g/mole, inherent vlcosity at IX w/v in chloroform , 
a 0.O99dl/g aid l.l2g of goserelin acetate (equivalent to l.Og of 
goserelin). The acetic acid content of this freeze dried solid, was 
determined by gas chromatography and was found to be 0.831 and the 
goserelin content of the final product was 19.46X w/y. 

This goserelin-lactide/glycolide copolymer mixture (0.54g) was . 
added to benzyl benzoate (2.46ml, 99X, ex Janssen) and was dissolved with 
warming and agitation. The final solution contained 3.50mg of goserelin 
to llOul.. 

Formulation 3 

The process described above for Poraulacion 2 was repeated, using 
2.lg of the lactide/glycolide copolymer and l.Og of goserelin acetate 
(equivalent to 0. 9g of goserelin) . The acetic acid content of this 
freeze dried solid was determined by gas chromatography and was found to 
be 1.14S, and the goserelin content of the final product was 28.9U w/w. 



This goserelin-laccide/glycolide copolymer mixture (0.36g) wiai - 
added to benryl bensoate (2.6«b1, 99X, ex Janssen) and was dlssolyed with- 
warming and agitation. The final solution contained ♦Tag or'gosersliA ^ 
. In. UOid. ■ ■ JS'-'F'----.- 

FomulatiiDB 

The process described above for Formulation 1 was repeated, using 
a lactide/glycolide copolymer (95/5) with a single terminal carboxylic 
acid (8.66g, Mw » 5604. polydispersi^ - 1.71, molecular welgh«:^fe/^ end • 
group titration - I960g/mole, inherent vicosity at IS w/v in chlorofotiB • 
0.p94dl/g and 1.08g of goserelin acetate (Equivalent to 0.96g of 
goserelin). The acetic acid cemtent of this freeze dried solid »«« 
dotemined gas chromatography and was found to be 6.081 andi the" 
goserelin content of the final product was 9.90X w/w. 

This goserelin-lactide/glycolide copolymer mixture (l.Og) was v 
added to bensyl bensoate (2.0ml, 99X, ex Janssen) and was dissolved with 
warming and agitation. The final solution contained 3. 67mg of geserelia 
in llOyl. 

Biological evaluation 

Formulations l-A were dosed to groups (n-9 or 10) of regularly 
cycling female rats at a dose of 3.6mg goserelin per rat, as described in 
Example 16. Following dosing, the animals were found to enter a period 
of continuous dioestrus indicating continuous release of goserelin. The 
average duration of the diostrus period for each group of rats is given 
in the following table. From this table it can be seen that all three 
formulations gave periods of goserelin release for a period of about 3 
months or Bore» 
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Average duracion of dioescxus 
(days) (± s.e.) 

llA;t I.8.- 

■■ • 94. t 4.6 . 
• 97 t 5.3 

83 ± 4.3 ■ ■ ■ ■ 

It can further be seen from these examples that the fomolations 
of the drug polyester salt can be provided as solutions which can be . 
readily administered parentally using a narrosfegauge needle, and that 
such formulations are conveniMit for treatment of hormone dependent 
tumours in man. 

Example 19 ' ■ : . 

The goserelin-polyester salt (ii) of Example 16 (3.75g) was 
dissolved in dichloromechane (50ml) which had previously been filtered 
through a O.ASum filter. This solution was fUtered through a 0.5w» 
teflon filter membrane (Vhatman VI?) into a flask which had been 
sterUised using an autoclave. The solvent was removed using a rotary 
evaporator to glvp a viscous liquid, and air was then admitted to the 
rotary evaporator through a O.Swm filter. The visctis liquid was warmed 
and dried under vacuum to give a white foam. The foam obtained was 
weighed into autodaved crimp-top vials in a laminar flow cabinet and 
freshly distilled solvents were added to give solution formulations of 
the gosereiin-poiyester salt^ essentially particulaterfree. 

Formulation 1 

Ig of the solid was added to benzyl benzoate (distilled, bp 106*C 
at 0.3mb, 3ml) and was warmed using a hot-air gun until dissolved. 145ul 
of this solution formulation contained 3.6 mg of goserelin. 



Formulation Ho. 



1 
2 
3 
4 
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■ '.Foraulation 2 ' ^ ' 

Ig of the solid vas added to benzyl alcohol (disriUed, bp^ 44^C'at 
0.3fflb, 1.7ol) and vas vaimed using a hot-air gun until dlssolvedvj^; lOOiiJ^ 
of this solution foRBulation contained 3.6 ng of goserelia. * 

, Biological evaluation. 

IVo groups of ten female rats vere dosed subcutaneously using a 20 
gauge needle vith formulations 1 and 2 at a dose of 3.6 mg per rat. 
Tenninal blood samples vere taken from the rats at subsequent timepolnts 
(1 veek (n»4), 4 veeks and 4*v^eks (n«3)). The blood sainples vera ^ . 
assayed for goserelin by means of radioinmunoassay. heasurable blood 
levels of goserelin vere found vith both formolations, indicating thar . 
the solution formulations gave sustained drug release for several veeks* 
The blood level profile of formulation 1 vas found to peak at about few 
veeks, \iiiereas vith formulation 2 the peak occurred at veek one and - 
thereafter the blood levels vere found to decline progressively vith 
time. The blood level profile of formulation 1 is considered to be more 
desirable than that of formulation 2 due to the more constant blood 
levels obtained vhen benzyl benzoate is used as the solvent for the . 
solution. formulation. 

It can further be seen from these examples that the formulations 
of the drug polyester salt can be provided as solutions vhich can be ' 
readily administered parentally using a narrov gauge needle, and that 
such formulations are convenient for treatment of hormone dependent 
tumours in man. 

Example 20 

A lactide/glycolide copolymer (95/5) vith a single .termixial 
carboxylic acid (9.0g, Jlv - 6011, polydispersity* - 1.56,. moiecular veight 
by end group titration » 2700g/mole, inherent vicosicy at 11 v/v in 
chloroform a 0.099dl/g) vas dissolved in dichloromethane (100ml). To 
this vas added goserelin acetate (K124g, equivalent to Ig of goserelin) 
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with stirring, followed by the addition of mechanol (lOal). The cloudjr 
suspension obtained vas stirred at room temperature for about one hour - -.' ^ 
until a dear solution vas obtained. The solvent waf readved using » 
rotary evaporator to give a dear viscous liquid. This v48 then • : " , _ 
■ redissolved in dlchloromethane and redried as before. This step was 
repeated twice more, and the viscous liquid finally obtained was dried 
under high vacuaa to produce a white foam, whidi was further vacuum dried 
overnight. The foam was broken to a fine powder which was vacuum dried 
for one day at room temperature. To this powder was added benzyl 
ben2oate«<2Cml, 99X, ex Janssen) and the resultant mixture was gently - 
warmed, with agitation, to obtain a solution. 

Biological evaluation. 

This solution formulation of goserelia was dosed subcutaneously 
using a 20 gauge needle into each of 45 female rats (220|il, equivalent to;( 
7.3 mg goserelin). Groups of five rats were terminated and blood saiiq»les_ 
taken at I and 4 days, and 1, 3, 5, 7, 9, 11 and 13 weeks. In additl<m .gv 
blood samples were taken from the tail vein of groups of five rats at 
2. 4, 6, 8, 10 and 12 weeks. The samples were analysed for goserelin bjr 
means of radioinmunassay, and the results show that this liquid 
formulation of goserelin-polyester salt gave measurable blood levels of 
drug for about 11 -weeks after dosing and shows that the formulation gi^es 
sustained release of goserelin in vivo. 

It can further be seen from these examples that the formulations 
of the drug polyester salt can be provided as solutions which can be 
readily administered parentally using a narrow gauge needle, and that 
such formulations would be convenient for treatment of hormone dependent 
tumours in man. . 

♦ . • ■ ■ ■'» ■•. . ■ 

Example 21 

The peptide known as Substance P, in the form of its acetate salt 
(ex Signa, 2!sg) was added to dlchloromethane (3ml) and thoroughly 
agitated. The peptide showed no indication of dissolving in the solvent, 



and remained as a dotufy suspension. 

A lactlde/glycblide copoly»er (70/30) with a single tend^ 
carboxylic acid (225«g, Mw - 9755, polydispersity - Boleculfe ^ ^ 

veight b7 end group titration - 1800), was added to dichloromethane A^^^^-^ 
(25ml). This was stirred for 15 minutes to give a dear coloutleis''^ 
solution. To this was added a solution of Substance P (25Bg) in methanoi 
(0.5ml). The resulting cloudy suspension was stirred for 1 hour.vliy „ 
which time a completely dear solution had foxmed. Ihe solvent was >■ 
removed by rotary evaporation and the dear 'glassy' solid obtaiasd. yUiV 
redissolved In dichloromethane (Sal) and reevaporated. this was repeated 
twice. Ihe final solid was disisolved in dichloromethane (3ml) and the . 
solution was dropped slowly onto PIFE coated doth, alloving the solveoc 
to evaporate to form a thin flLe of a dear colourless glassy soUd 
(peptide content 9. IX w/w). 

This film (96.8Dg) was placed In a snail vid and phosphate • 
buffered sdine (2nl, pH 7. A) was added (buffer was previously filtered . 
through a 0.2pa filter and contained 0.02Z sodium azide as a 
preservative)^ The vial was placed in an incubator at 37»C and th« • 
buffer was removed and replaced periodically. The buffer which was 
removed was andysed for release of Substance P, using an dtraviolet 
spectrophotometer (Hewlett Packard 8452A) at 210nm, against standard / 
solutions of substance P. Ihe resdts show that Substance P can be 
dissolved in dichloromethane when formed as the sdt of a 
carboxy-terminated lactlde/glycolide copolymer, and can be processed In 
this solvent to give a thin film, which gives continuous release of the 
peptide for a period of about A weeks. 

Example 22 . 

An aqueous solution of leuprolWe acetate (otherwise known *s 
leuprorelin acetate), (300wl of a 330ta'g/ml solution) is added under high 
shear conditions, to 20ml of a lOX w/w solution of poly(hydroxystearic 
acid) having a number average molecdar weight of about 2000, in Siglyol 
812 (triglycerides ofi medium chain saturated fat^ acids including 
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linolenic add, ex Dynamit Mobel, ni:)» to form tho leuprolide-polymer 
salt, in part, at the oil/aqueous interface, which salt stabilises the . 
resultant vater-in-oil colloidal suspension. The water is removed ^ 
50«c by stirring under high vacuum until the mixture no longer froths and 
bubbles, to give an oily composition which exhibits a very faint haze, 
and which is suitable for oral administration. 

Example 23 

lys'-vasopressin acetate salt (2mg, ex Sigma) was added to 
dichloromethane (3ml) and agitated. The peptide showerno indication of ^ 
dissolving in the solvent and remained as a cloudy suspension. 

A lactide/glycolide copolymer (70/30) with a single terminal 
caxboxylic acid (225mg, Mw - 9755, polydispersity - 1.52, molecular 
weight by end group titration - 1800), was added to dichloromethane 
(Sml). This mixture was stirred for 15 minutes to give a dear 
colourless solution. To this was added Lys*-vasopressin (25mg, ex 
Sigma) and methanol (0.5ml). The resulting cloudy suspension was stlrrff*: 
for I hour, 1^ which time a completely dear solution had formed. The 
solvent was removed by rotary evaporator and the clear 'glassy' solid 
obtained was rcdissolved in dichloromethane (Sml) and re-evaporated. 
This was repeated twice. The final solid was dissolved in 
dichloromethane (3ml) and the solution was dropped slowly onto WFE, 
coated doth, allowing the solvent to evaporate to form a thin flla of a 
clear colourless glassy solid (tys'-vasopressin content 10 X w/w). 

This film (97.3lmg) was placed in a small vial and phosphate 
buffered saline (2ml, pH 7.«) was added (buffer was previously filtered 
through a 0.2ym filter and contained 0.02X sodium aside as a 
preservative). The vial was placed in an incubator at 37-C and the 
buffer was removed and replaced periodically. The buffer vas analysed 
for release of Lys®-vasopressln using an ultraviolet spectrophotometer 
(Hewlett Packard 8452A) at 2lOna against standard solutions o£ 
Lys'-vasopressin. The results of this test are shown in the following 
table. The experiment shows that Lys®-»asopressin can be dissolved in 
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dichlorometbane, vhen fonsed as the salt of a carboxy-teralnated 
lactide/glycolide copolymer, and that the resulting mixture gives 
continuous release of the peptide for a period of . at least four veeks. 

Release of Lys -vasopressin in vitro 

- "■ ■ . 8 - 

Tine (days) Release of Lys -vasopressin 







frra film (Z) 
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4.11 






. 5 .45 


. ■ ■ 7 . ■• 




5.55 


14 




5.75 


21 




26.82 


•■ 28 . , 




47.27 


Exanmle 24 







Tvo formulations of 2ENECA ZD6003 (IMct'^ Arg^^, Ser^^»^^»^®'"l 
human G-CSF (granulocyte-colony. stimulating factor) modified vith . 
polyethylene glycol 5000 as described in Reference Example 4 or 7 of. 
European Paxent Publication No. 0 473 268) in lactide/glycolide copolymer ; 
vere prepared as follovs. 

(i) Dichloromethane (Ami) vas added to a freeze-dried prepararion of 
2D6003 (39.72mg). This resulted in an opaque dispersion of drug in the 
solvent. A lactide/glycolide copolymer (75/25) vith a single term in al 
carboxylic acid (363-6mg. Mw - 9963, polydispcrsity o 2.19, molecular 
veight by end group titration • 2815) vas added, and a clear solution 
formed. 

This solution vas added to a solution (400ml) of methyl cellulose 
(0-25? v/v Mechoceli ISnPa.s, ex Fluka) in vat r under shear (2150 RPH, 
Heidolph RZMO stirrer). After stirring ac this rate for 3 minutes the 
stirring speed vas reduced to 800RPH. The resulting particles vere then 
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alloved to settle under gravity for 30 minutes, whilst keeping tha ' 
solution cool over ice. The supernatant was then discarded and the " . 
particles were washed by resuspcnding in ice-cold distiUed water,^5(W;),> 
and centrifugation at 1000 BPS. This was repeated ifour times aad.th«'\;. 
particles were then finally freese dried. ^ ' 

. Particles made in this were of good quality^ being spherical 
and of a mean size of 32 ym as determined by image analysis from optical 
microscopy. The drug content of these particles was determined by 
extraction followed by HPLC analysis and was found to be 9.45X, 
3?epr8senting an incorporation efficiency of 96X of the drug used to form, 
the micropartides. 

■ (ii) Dichloromethane .(4ml) was added to a freeze-dried preparatden of 
ZO6003 (44.18mg)y This resulted in an opaque dispersion of drug in. / 
"solvent. A lactide/glycolide copolymer (75/25, 364. Img, Hw - 16,800 by 
size exclusion chromatography, polydispersity - 2.2, ex Boehringer 
Ingelheim) was added- An attempt to determine the molecular weight of 
the polymer by end group titration was performed, but was not possiUe 
due to very low levels of titratable moieties, and consequenUy ^» 
polymer does not have a terminal carboxyUc acid. The mixture of the 
drug solution and the polymer did not become clear upon addition of the 
polymer and the mixture remained as a turbid dispersion, indicating that, 

• as expected, in the absence of acid. end groups in the polymer, no 
peptide-polyester salt could form. 

This mixture was added to a solution (400ml) of methyl cellulose 
(0.25Z w/v Methocel, 15 mPa.s, Fluka) in water under shear (2150 BPH, 
Heidolph BZaSO stirrer). After stirring at this rate for three minutes 
the stirring spee;d was reduced to SObsPM. The resulting particles were 
• then allowed to settle under gravity for 30 minutes, whilst keeping the 
• solution cool over ice. the supernatant was then discarded and the 
particles were washed by resuspendlng in distilled water (50ml) and 
centrifugation at 1000 RPM. This was repeated four times and the 
particles were then finally freeze dried. 
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Particles nade in this vay vere of inferior quality, compared vith 
those obtained in (i) above, vith some being of irregular shape and of a: ^ 
mean size of .Abprn as determined by image analysis from optical 
microscopy. The drug content of these particles was determined by . 
extraction followed by HPLC analysis and was found to be 2.051, 
representing an incorporation efficiency of 19X of the drug used to fota 
the nicrbpartides* 

The above example shows that ZD6003 can be dissolved in 
dlchloromethane when in the presence of a polymer with a single te traSn sl 
carboxylic acid, despite dichloromethane iself being a non-solvent for 
the drug. In addition such a solution can be used . to f orn micropartides 
of drug and polymer with a very high rate of incorporation of drug. In ; 
contrast, the above example also shows that 2D6003 cannot be dissolved in 
dichloroaethane iii the presence of a polymer, when such a polymer does 
not have a terminal carboxylic acid, and forms only a hazy dispersion. 
Furthermore such ha^ dispersions of 2D6003 in a solution of polymer with 
no terminal carboxylic acid result in poor incorporation of drug when 
processed to form micropartides • 

Example 25 

(i) Gosereiin acetate (22. A7mg, equivalent to 19.99rag goserelin). was 
added to benzyl benzoate (2.21gi 991, ex Janssen). This mixrare was 
placed in an incubator at 40*C and was stirred continuously for 9 days 
using a magnetic stirrer. After 2 and 9 days aliquots were taken and 
centrifuged for 15 minutes at 13,000 R?H to pellet undissolved drug. 
Aliquots of supernatant (approx. lOOmg) were weighed accurately into 50ml 
volumetric flasks. To each was added glacial acetic acid (2ml), followed 
by making up to volume with an aqueous solution of trifluoroacetic acid 
(0.5Z v/v). A portion of this solution was placed in a centrifuge tube 
and was centrifuged at 13,000 RPM for 15 minutes to separate suspended 
material. The supernatant was then assayed for goserelin content, using 
HPLC. Ho goserelin was detectable in either sample. The limit of 
detection of goserelin in this HPLC assay was 0.2ug/ml and the limit of 
quantification was 0.5vg/ml. Thus the equilibrium solubility (at 40»C) 
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of gesereliB in benzyl .benzoate can be estimated from the above as less- 
than 0.2ug/mg. y .isi-.'^- .; 

(ii) A lactlde/glycolide copolymer (95/5) vith a single texain^ w^^^ 
carboxylic acid (29l.9mg, Mw - 67A2. polydispersity - 1.61, molec^:t: : 

. weight by end group titration - 2565 gm/mole, inherent vicosiig^. at; IX VZt 
in chloroform - 0.103dl/g) vas added to benzyl benzoate (3.38g, 99tv «i . 
Jahssen) to form a solution. To this was added goserelin acetate ; : , 
(22.52mg, equivalent to lO.OSmg goserelin). This mixture was incubated 
and sampled as described in (i) above. No goserelin was detectable la 
the benzyl benzoate at 2 days, but at 9 days a^iaecil of approximately 
p.2Mg goserelin per mg of benzyl benzoate was detected. The limit i^f 
detection of goserelin in this HPIC assay was as indicated in (1) above. 
From this it can be shown that the ^quiUbrium solubility (at 40-C) of- 
gbsereiin in benzyl benzoate, when present as a simple mixture witi» a 
: lactide/glycollde copolymer, can be estimated as 0.2-0.5|ig/mg. 

(iii) A lactide/glycolide copolymer (95/5) vith a single terminal 
carboxylic acid (9.0g, Mw - 6011, polydispersity - 1.56, molecular weight 
by end group titration - 2700g/mole, inherent, vicosity at IX w/v. ln- .. 
chloroform « 0.p99dl/g) vas dissolved in dichloromethaae (lOOml). To 
this was added goserelin acetate (l.l24g, equivalent to Ig gosar«iin) 
Vith stirring, followed by the addition of methanol (10ml). The cloudy 
suspension obtained was stirred at room temperature for about 1 hour 
until a dear solution was obtained. The solvent was removed using a 
rotary evaporator to give a clear viscous liquid. This vas then 
redissolved in dichloMmethane^d~redried is^before." This step was dien 
repeated twice more and the viscous liquid finally obtained vas dried 
under high vacuum to produce a white foam, which was further vacuum dried 
overnight. The foam was broken to a fine powder which was vacuum dried 

; ■ for I day at room temperature. To this powder was added benzyl benzoate 
• (20ml, 99X, ex Janssen) and the resultant mixture was gently warmed, with 
agitation, to obtain a solution. 

The solution was thoroughly mixed and a 1ml sample was placed in 
a centrifuge and sp«^ at 14,000 RPM for 30. minutes. An aliquot of the 
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supexhacanc vas carefully removed and veighed inco a 50ml volumetric 
flask. The sample vas ass^ed for goserelin concent as described in 
The goserelin concenc of this solution vas found to be 24.6pg/mg benzyl 
■ ' • • benzoate.' ' • : ^ ... *;\ 

This example shovs that benzyl benzoate is a very poor solvent for 
goserelin acetate. Furthermore* the addition of a lactide/glycolide 
polymer to form a simple mixture vith goserelin acetate in benzyl 
benzoate does not lead to a marked increase in the equilibrium solubility 
of goserelin acetate in benz^^cnzoate. Hovevert goserelin/polyester 
salt could be dissolved in benzyl benzoate to form a solution containing " ' 
goserelin at a concentration very much higher than the estimated 
equilibrium solubility of free goserelin in this solvent. 



I. A composition containing or cooprlsing, as initially aade^^ sai§y 
formed from a cation derived from a peptide containing at least' ^ne bas|c 
group and an anion derived from a carboxy-teminated polyestei:r^iifi|7v K 
composition being In the fox» of a solution or dispersion of tJia sali ^- 
a solvent vhich Is a solvent for the free polyester but not a solvent for 
the free peptide, the partldt sixe of the salt in said dispersion being 
less than Spa and preferably less than 0.2|ia; or In the fora of ^ 
mlcropartides or an implant, for injection or sub-dermal, implantatioa. 



2. A composition as claimed in claim 1 wherein the peptide is 
pharmacologically active, and is selected from oxytocin, vasopressin, 
adrenocorticotrophlc honnone (ACIH), epidemal growth factor (ECT), 
prolactin, Ittteinislng hormone, folllele srlmulatlng hormone, lulibertk 
or luteinizing hormone releasing hormone (tHBH), Insulin, somatostatlB, ^ 
glucagon, interferon, gastrin, tetragastrla, pentagastrln, urogastrone, 
secretin, calcitonin* enkephalins, endorphins, Igrotorphin, taftsln, 
thymopoietin, thymosin, tiiymostinulln, thymic humoral factor, serum 
thymic factor, tumour necrosis factor, colony stiaulating factors, 
motilin, bombesin, dinorphln, neurotensin, ceruleln, bradyklnln, 
urokinase, kalllkrein, substance ? analogues and antagonists, angiotensin 
II, nerve growth factor, blood coagulation factor VII and IX , lysoryme 
chloride, renin, bradyklnln, ^rocidin, gramicidlnes, growth hormones, 
melanocyte stimulating hormone, thyroid hormone releasing hormone, 
thyroid stimulating hormone, parathyroid horaone, pancreozymin, 
cholecystokinin, human placental lactogen, human chorionic gonadotrophlB, 
protein synthesis stlamlating peptide, gastric inhibitory peptide, 
vasoactive intestinal peptide, platelet derived growth factor, growth 
hormone releasing factor, bone morphogenic protein, and synthetic 
analogues- and modifications and pharmacologically-active fragments 
thereof." 

3. A composition as claimed in claim 1 whereln.the peptide is 
pharmacologically inactive and is selected from polyarginine, polylysine 
and poly(arginine-c^-lysine), (co-)polymers of neutral amino adds, in 
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D-^ or DL-foxa, vitb arginine and/or lysine in L- or raceait form, 
or peptides or (co-) polypeptides in vhieh the peptide chains are 
teminated in vhole or in part by a basic group at the.N-teminus and the 
backbone is conprised o£ neutral amino acid residues. 

■ I • ■ * ; 

4* A cooposition as claimed in claim I herein the polyester is 
selected froa those derived from hydroxy-acids and those derived from die 
pplycondensation of diols and/or polyols vith dicarboxylic acids and/or . 
polycarborylic acids. 

S« ' A process for the manufacture of a solution or dispersion of a 
-Assfsi salt as claimed in claim 1, vhich comprises 

^ (a) dissolving~the peptide containing at least brie basic amino acid, 

in free base f oxm or in the form of a salt vith a veak acid and 
the carboxy- terminated polyester in a neutral, polar solvent in 
vhich both are soluble, removing the solvent or most of the 
_ . . solvent, and adding the remaining concentrated solution to an . 
excess of a non-solvent for the pieptide-polyester salt, or 

(b) dissolving the peptide. containing at least one basic amino acid, 
in free base form or in the form of a salt vith a veak acid, and \f 
the carboxy- terminated polyester, in a solvent in vhich both are 
soluble, and vhich is capable of being removed by freeze-diying, 
freezing the resulting solution at high speed, freese-drying the 
.res\ilting frozen mixture, dispersing the resulting mixture in a 
solvent for the polyester component, and alloving the mixture to 
dissolvis as the peptide-polyester salt is formed, or \ 

(c) reacting the peptide, containing at least one basic amino acid, in 
the form of a salt vith a strong acid, vith a polyester vherein 
soae or all of the polyester is in the form of a carboxylic acid 
salt vith a suitable alkali oetal or alkaline earth me tal« 

6. A composition as claimed in claim I, comprising a 
pharmacologically active peptide and a polye;ster» for extended release of 
the peptide drug, characterised in that the composition is in the form of 
micropartides from 0.2pffl to SOOpm in diameter, suspended in a 
pharmaccutically acceptable Injection vehicle. 
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7. A composition as claimed in clala 6 wherein the injection vehicle - 
la aqueous or is an organic vehicle which is a non-solvent for the : 
materials used, or, for highly lipophiUc polyesters, is a hydrophiUe 
organic injection vehicle. 

8. A composition as claimed in claim I, comprising a 
pharmacologically active peptide and a polyester, for e«ended release o£ 
the peptide drug, eharactetiied in that^e composition is in tie form o£ 
a ^armaceutically acceptable solution, "cbmprising: 

(a) a pepUde drug, containing at least one basic amino acid, as 
hereinbefore defined, having a molecular weight of at least 300Da, 
which is in the form of a salt with the polyester, the salt 
comprising a cation of the basic peptide and an anion of a 
carboxy-terminated polyester, 

(b) a solvent which is a solvent for the free polyester but not a 
solvent, for the free peptide, 

. (c) an excess of the polyester, and optionally 

(d) some oiE said peptide in solubiUsed or colloldally dispersed free 
form. 

9. A composition as claimed in claim 8 wherein the basic peptide drug 
is a synthetic ankiogue of lutelnislng hotmone releasing hormone, 
selected from buserelin.(lD-Ser(Bu^)*, des-Cly-llHj"l-UBH(l-9)llH8t), 
deslorelin ([D-Trp*, des-Gly-HHj"]-iaBH(l-9)lWEt), fertlrelin ^ 
(tdes-Gly-MH2"l-.lHBH(l-9)HHEt), goserelln ((D-Ser(Bu*) , Azgly J-liBH), 
hlstrelln ([D-Hls(Bzl)^ des-Gly-MH2"j-^(l-5)»®2«)' leaprorelin 
((D-Uu*, des-Gly-HH2^°J-LHRH(l-9)NHEt), lutrelin (p-Trp*, BeLeu', 

. des-Gly-NH2"]-LHRH(l-9)HHEt), nafarelin (ID-Mal*l-LHRH), tryptor«lin 
(ID-Trp^l-IHRH), and pharmacologically active salts thereof. 

• . 10. A composition as claimed in cUim 8 wherein the solvent is 

selected from benzyl benroate, bensyl alcohol, ethyl lactate, glyceryl 
triacetate, esters of citric acid, and low molecular weight «1000) 
polyethylene glycols, alkoxypolyethylene glycols and polyethylene glycol 
acetates. 
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11. 



A conposition as claimed in daia 8 herein the ratio of basic- : 
peptide drug-polyester salt to free polyester is froa 1:0 to 0.1:10«.t. - 



12. A coDpositioa as clained in clain 8 vherein the ratio of total^" 
solids to solvent is from 2t v/v to 40Z v/v« 



13. A process for the manufacrure of* a pharmaceutical composition as. . 
claimed in claim 8 vhich comprises 

(a) dissolving an intimate mixture of the peptide drug and the^»r 
polyester in the^pharaaceutically acceptable solvent;, or . 

(b) slovly adding a solution of the jpeptide drug in a 1-6C alkanol to. 
a solution of the polyester in a solvent suitable for isjectiouy 
vhereafter, if the solvent in the starting peptide solution, is not 
. pbazs.ceutically acceptable for injection, it is removed. . 
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